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AB STRACT 
G r e go ry B a l d  i s  renowne d fo r an a z a l e a hybri d swarm 
wh i ch cont a i n s  a ve ry d i ve rs e  array o f  fl ow e r  c o l o r s  an d 
forms . Thi s  r e p o r t  invo l ve s  the s t udy o f  t he fl owe r con ­
s t ancy o f  the p o l l inat o rs t o  the d i f fe rent a z a l e a  fl owe r 
typ e s .  The fl owe r typ e c l a s s i fi c at i on i s  b a s e d  on  the 
f l o r a l  mo rpho l o gy , co lo r and p r e s ence  of  o dor . The az a l e a  
s p e c i e s  invo lve d i n  the hyb r i d  swarm are Rho d o dendron b ak e ri 
( L emon and Mc K ay) Hume , R .  arb o r e s c ens ( Pu r s h )  T o rr ey and 
R .  vi s c o sum ( L.) Torrey . P o llinat o rs ' con s t ancy to fl owe r  
type and p o l l i nato rs ' p r e fe r enc e fo r fl owe r t yp e  w e re ob s e rve d 
on s quare p l o t s  that cont a i ne d two o r  more f l ower  typ e s . 
The fo l l owing  a s p e c t s  of the f l o r a l  b i o lo gy o f  th e 
p l an ts w e r e  e x amine d t o  det e rmine i f  the r e  wer e any d i f fer ­
enc e s  amon g the fl ow e r  t yp e s : pro t andry , w ind p o l l inat i on , 
nec t ar amount , p e r c e nt n e c t a r  suga r , the p r e s enc e o f  ne c t a r  
amino ac i d s , n e c t a r  cons t i tuent sug ars  and t h e  e ffects o f  
temp e r at ure and t ime o n  po l l en and nec t a r  ava i l ab i l i ty . 
Po l l inator mo rph o l o gy and ac t i vity w e r e  exami ne d  t o  de t e rmine 
the r e l at ive c o nt r ib ut i on of e ach s p e c i e s  group t oward the 
a z a l e a  s e e d  s e t . The fa c t ors ex amined  we re bumb l eb e e  t ongue 
l ength , po l l i nat o r  f o r a g ing pre fe rence  ( po l l en o r  ne c t ar) 
an d the e f fe c t  of t ime and tempe ratu re on p o l l inat or act i vi ty. 
Th e rare fl owe r typ e s  at t ract e d  more p ol l inato rs  t han 
the common fl owe r typ es .  The l a r ge numb er o f  ins e c t  vi s i t s  
i v  
v 
to  the r ar e  fl owe r typ e s  i s  tenuo us l y  c o rre l at e d  with an 
inc r e as e d  amoun t  of n e c t ar s u g a r  p ro duc t i on of the s e  p l an t s . 
S inc e t h e  r are fl owe r typ e s  a re t o o  rare  t o  p romo t e  flow e r 
cons t ancy , the  po l l inat o rs a l s o  v i s i t  the c ommon f l ow e r  
type s . Bumb l e b e e s  are the mo s t  i mp o r t ant fl owe r vi s i t o rs  
and c ro s s - po l l ina t or s  o f  the  a z a l e as . But t e r �l i e s , s ma l l 
b e e s  and ve s p i d w a s p s  are  c ommon fl ow e r  vi s i t o rs b ut no t 
import ant c ro s s - p o l lina t o r s . 
T e s t s  fo r apomi c t i c rep roduc t i o n  and se l f  p o l l inat i on 
indi c a t e  that the s e  two fo rms o f  rep r o duc t i on a r e  not  ve ry 
i mp o r t ant in th i s  a z al e a  popul at i o n . Th i s  r e s ul t  c omb i n e d  
w i t h  t h e  ob s e rvat i ons o f  t h e  f l owe r con s t ancy o f  the bumb l e ­
b e e s  ind i c a t e s  that out c r o s s in g  i s  p rob ab l y  t h e  m a j o r  fo rm 
o f_re p roduc t i on o f  the s e  hyb r i ds. 
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CHAPTER I 
I NT RODUCT I ON 
The hyb r i d  a z al e a  swarm on G re g o ry B a l d  in the G r e at 
Smoky Mount a ins Nat i o n a l  P a rk i s  wo r l d  famous f o r  i t s  f lowe r 
forms and c o l or s . Henry S k inne r ( 1 9 5 5 ) , an a z a l e a  enthu s i as t  
and t a xonomi s t , g ave  the fo l l ow i n g  de s c r ip t i on o f  the G re go ry 
B al d  a z a l e as : 
. . .  thous ands o f  p lant s  in eve ry i ma gi n ab l e hue 
from pure wh i t e  to p a l e  ye l l ow , s a lmon ye l l ow ,  
c l e ar p ink and o r an g e - re d  t o  re d .  Many o f  t h e  
fl ow e r s  a r e  ye l l ow b l otche d , many o f  the bushes  
are s t o l o n i fe rous and  f o l i a ge var i e s  from normal 
t o  de e p  gl o s sy gre en , o f t e n  g l aucous b en e a th . 
Ob vi ous ly i t  i s  a c omp l i c at e d  hyb r i d  swarm . . . .  
The s e  d i f fe r ent f l ow e r  c o l o r s  and fo rms p re s ent a un i qu e  
o pp o rt un ity fo r the p o l l in a t i on e c o l o g i s t  t o  s t udy f l owe r 
c on s t ancy among the po l l inat o r s  o f  the a z al e a s . Mu ch c an 
b e  l e arned about the hyb r i d i z a t i on p r oc e s s  and t h i s  informa -
t io n  c an b e  c o mp ared  t o  the forma t i on o f  o the r a z a l ea hyb r i d  
swa rms . 
T o  de t e rmine i f  the p o l l ina t o r s  w e re exe rt i ng s e l e c-
t i on p r e s sure in favor  o f  a p art i cu l ar fl owe r c o l o r or  fo rm , 
p o l l in a t o r  vi s i t a t i on b eh a vi o r  was s t ud i e d  in p l an t s  in 
s ev e r a l  p l o t s . The fl owe r fo rms and co l o rs in e ach p l o t  
we r e  c at e go r i z e d  into  part i c ul ar f l ower typ e s  and a r e c o r d  
w a s  k e p t  o f  the p re fe renc e o f  p o l l inat o r s  fo r flowe r typ e  
and th e i r  c o n s t ancy t o  f l owe r type . D i f fe re n c e s  i n  t h e  
f l o ral  charac t e r i s t i c s  among t h e  fl owe r typ e s  w e r e  c o r re lat e d  
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with the f l owe r type pr efer ence  o f  the p o l l inat or s . The 
suga r  conc en t r at i ons i n  the ne c t a r , ne c t a r  vo l ume , c ons t i ­
t uent n e c t ar sugars  and nec t a r  ami no ac i d s  are  al l known t o  
a f fe ct the at t ra c t iven e s s  o f  the ne c t a r  t o  vari ou s  typ e s  o f  
p o l l inat o rs . The e ffe c t s  the s e  and t ime and temp e rature 
had on p o l l e n  and ne c t a r  avai l ab i l i ty i n  e ach fl owe r typ e  
we re ex am i n e d  t o  d e t e rm i n e  i f  they c on s t i tuted ind i r e c t  
e f fe c t s  on t h e  ab und an c e  o f  t h e  f l ow e r  vi s i t o rs . 
L e e  ( 1 9 6 5 ) r e p o r t s  that s ome a z a l e as r e p r oduc e b y  
e i the r  s e l f - po l l i na t ion o r  ap o mi c t ica l ly . Fre d Gal l e  
( p e r s o n a l  c ommun i c at i o n )  c on firms t h at b o th t yp e s  o f  rep r o ­
duc t i on oc cur in the a z a l e as that g r ow on G r e go ry B al d .  I 
p e r fo rm e d  p o l l inat i o n  exp e r iment s on the b a l d  t o  d e t e rmine 
the ext ent o f  the s e  typ e s  o f  r e p r o duc t i on in var i ous f l ow e r  
typ e s  b e caus e  i t  i s  imp o rt ant t o  know the ext ent  o f  s e l f ­
p o l l ina t i on and apo mi x i s t o  d e t e rmine the i mp o r t anc e o f  
c ro s s - p o l l i na t i on among the s e  a z a l e as . 
Gre g o ry B a l d  i s  one o f  the many gras s y  b a l ds tha t  
o c cu r s o n l y  i n  t h e  Sou the rn Appal a ch i an Mount a i ns .  Th ese 
b al d s  are me a dows domi n a t e d  by he rb ac e ous ve g e t at i on but 
s tudded wi th t re e s  and shrub s . D anth on i a  c o mure s s a  Aus t in 
i s  an imp o r t ant c omponent o f  the he rb a c e ou s  ve g e t at i on and 
Vac c in ium s pp . , Rub us s pp . ,  Rh ododendron spp . and a s c at t e r ­
ing o f  t re e s  are impo rt an t  c omponent s o f  the non - he rb a c eous 
ve g e t aticn . 
The g ra s s y  b al d s  are found o n  dome - s h ape summi t s , gaps 
o r  s l o p e s  at  e l e vat i ons b e twe en 4,500 and 6,300 fe e t . 
Gre gory B a l d  i s  l o c at e d  on a h i l l t op 4 , 948 fe e t  h i gh in 
the s o uth e rn end o f  the Smo ky Mount a i ns.  The s l op e s  o f  
Gre g o ry B a l d  ran ge from fl at  on t op t o  m o de r a t e  a l o n g  the 
s id e s . The c l imat e at the s e  e l evat i ons i s  var i ab l e .  The 
b al d s  may re c e i ve 80 inche s o f  r a in a ye a r  and dr o u ght s 
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are c o mmon in the lat e summe r and e a rl y fal l ( B ruhn 1964) . 
The we athe r on  G re g o ry Ba ld dur ing  the b l o om o f  t h e  a z a l e as 
was a l s o  var i ab l e . The temp e rature rang e d  from 15° - 30° C 
and the we athe r was o ften rainy an d f o g gy o r  h o t  and humi d .  
Gre gDry B a l d  i s  d i fferent from the o the r b a l ds  b e ­
c aus e o f  the l a r g e  numb e r  o f  a z al e a s p r e s en t . The s e  a z ale as 
e s t ab l i shed  the ms e l ves  on the b a ld b e fo re 1 925 ( C a r l o s  
C ampb e l l  i n  Lind s ay 1976 ) . Many o f  th e s e  a z a l ea s  h ave 
hyb r id i z e d and p r oduce d r a re f lowe r c o l ors  and forms t h at 
are not  found on the o th e r  b a lds . 
The b al d s  a r e  p opul a r  areas  for  e c o l o g i c a l  s tudy b e ­
c a us e  o f  the ir  un i quene s s . Many s tu di e s  and s p e c u lat i on s  
h ave b e en made c onc e rn in g  the or i g in o f  the b al d s ,  b ut none 
p ro vi d e s  a s a t i s f a c t o ry e xp l anat i on of the i r  o r i g i n . Th e 
t re e s  and s h rub s  are p r e s en tly inc r e a s i n g  in numb e r  on the 
b a ld s , and it  is  i mp o r t ant that e c o l o g i c al s t ud i e s  be  made 
o f  the b al d s  b e for e they s uc cumb to fo r e s t e d  su c c e s s i onal  
s t a g e s . 
The a z alea s p e c i e s  invo lve d i n  the hyb r id swarm on 
G re gory B a l d  are Rh odod end r on arb o re s c ens ( Pur s h )  T orr ey , 
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smo o th azal e a ,  R .  v i s c o sum ( L . )  Torrey , swamp a z a l e a  and 
R .  b ak e r i  ( L emon and Mc Kay) Hume , Cumb e r l and a z a l e a  ( F red  
Gal l e  1 9 6 3  and p e r s onal  c ommun i c at i on , Li  1 9 5 7) . Skinne r  
( 1 9 5 5 ) r e p o rt e d  t h a t  a R . b ak e ri - l ik e  f l ame  a z a l e a ,  �· 
v i s c o sum and R. arb o re s c ens  a re invo l v e d  in the hyb r id swarm . 
M any l ayme n b e l i e ve that fl ame aza l e a ,  R .  c a l e ndul a c eum 
( M i chaux) T o rr e y , inst e a d  of R .  b ake r i  i s  i nv o l v e d  i n  the 
hyb r i d  swarm , but R.  c a l endu l ac e um i s  a t et r ap l o i d  ( 5 2  
chromo s ome s )  and that make s i t  much mo re di f f i c u l t fer i t  
t o  hyb r i di z e  w i th the othe r s p e c i e s  b e caus e  t h e y  a re d i p l o i d s 
( 2 6  chromo s ome s ) . L i  ( 1 9 5 7 ) r epo rt s two t r ip l o i d  p l an t s  
that  are p o s s ib l e  R .  b ak e r i  X�· c a l endul ac eum hyb rid s , an d 
F r e d  G a l l e  h a s  p r o duc e d  suc c e s s ful t r i p l o i d  c ro s s e s invo l v i n g  
R .  c a l endu l ac eum .  Al though fl ame a z al e a  c an hyb ri di z e  w i th 
d ip l o i d a z al e as , chromo s ome s tudi e s  of the a z a l e a s  on G r e g o r y  
B a l d  indic ate that R .  b ak e r i  and no t R .  c a l endul aceum i s  
invo l ve d  i n  the hyb r i d  swa rm ( L i 1 9 5 7 , G al l e  1 963 and p e rs on a l  
c ommun i c at i on ) . 
The flowe r c o l or s  o f  the s e  p l an t s  ar e var i ab l e .  Th e 
fl owe r c o l or o f  R .  b ak e r i  r an g e s  from o range , o r an g e - re d  and 
r e d  to l i ght e r  c o l or s  o f  ye l l ow and s almon in G e or g ia and 
A l ab ama ( Ga l l e  1 974) . B o th R .  a rb o r e s c en s , smo o t h  a z a l e a ,  
and R .  v i s c o sum , swamp a z al e a , h ave wh i t e  fl ow e r s  and o ft e n  
the ident i t y  o f  the two i s  con fus e d .  The r e d  s ty l e  an d 
s m o o t h  s t e ms o f  the s mo o th a z a l e a  d i s t i ngu i sh t h i s  p l ant 
from swamp a z a l e a . The smooth aza l e a , h owe ve r , p roduce s a 
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rare  fo rm that has  a y e l l ow f l owe r .  P i nk foY�s o f  swamp 
a z al e a  are  p o s s ib l e  hyb r i d s  wi th smoo th a z al e a  and hybyi ds 
o f  sw amp a z a le a  and fl ame a z a l e a  p roduc e s h ad e s  of fl owe r  
c o l o r s  from p ink t o  s almon ye l l ow ( G a l l e  1 974) . B o th smo o th 
and swamp a z a l e a  p r o duc e an o d o r  wh i l e  Cumb er l and az al e a  
has  n o  s c e nt . 
F l ame a z a l e a  i s  fo un d  in s c a t t e r e d  l o c a l i t i e s  t h ro ugh ­
out the G r e a t  Smoky Mount ains  N a t i onal P ark , and i t  i s  c ommon 
very ne a r  G re g o ry B al d . R .  b ak e r i  i s  a l s o  repo r t e d  in the 
v i c in i ty o f  G r e go ry B a l d  ( L i  1 9 57) . R .  a rb o r e s c e n s  is a 
S o uthe rn App a l a ch i an end emi c and o c curs  on Gre go ry B a l d  as  
we l l  a s  at l owe r e l evat i o n s  a l on g  the L i t t l e  Riv e r  and L i t t l e  
P i g e on Rive r ( S t up k a  1 9 64) . I n  the Smoky Mo un t a ins R .  vi s co sum 
o c cu rs only on Gr e g ory and ne arb y P a rs ons B al ds ( S tupk a 1 9 6 4) . 
Mac Do n a ld and C o g g ins ( 1 9 67) , in c on t r a s t t o  S tupk a, repo rt e d  
that they found hyb ri ds o f  R. vi s c o sum and n o t  the pur e 
s p e c i e s on G re go ry B a l d . 
Rho do dend ron s pp . are  v i s i t e d  b y  many sp e c i e s  of 
ins e c t s  but many auth o rs ne g l e ct ed to e i ther  ident i fy t h e  
s p e c i e s  o f  ins e ct or the s p e c i es o f  Rh o d odendron . Pl ath 
( 1 9 34) ob s e rved bumb l eb e e  hab i t s  in t h e  eas t e rn Un i t e d  
S t at e s  and r ep o rt ed that a z al e a s a re favo ri t e  p l ant s  o f  qu e en 
and wo rker bumb l eb e e s . S p e i ght ( 1 9 67) c oll e c t e d  B ombus  
impat i ens C re s s on on Rho d od endron in E a s t  Tenn e s s e e , and 
P e r c ival ( 1 9 65) h as c o l l e c t ed bumb l eb e e s  vi s i t ing Rho d o ­
d end ron in E u rop e . M i t c h e l l , in h i s  mon o g r aph o f  B e e s  o f  
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the  E a s t e rn Un i t e d  S tat e s, l i s t e d b e e s  in the gene r a  And r ena , 
Nomada , B ombus , Anth opho ra , M e gachi l e , Osmi a , E vy l a e us , 
D i a l i c tus and Augo ch l o r op s i s  a s  v i sit i n g  Rho d o d end ron s pp . 
L e p p i k  ( 1 9 7 4 )  o b s e rve d bumb l eb e e s , but t e r fl i e s , sma l l bee s 
and Do ro s aequal i s  ( L oew) Syrp h i da e  o n  R .  nud i f l o rum ( L . ) 
T o r rey i n  M ary l an d . Knut h ( 1 9 0 9 )  rep o r t e d  f l i e s , bumb l eb e e s  
and L e p id o p t e ra v i s i t in g  Eur ope an Rho do d e ndron s pp . and 
Mo l d enke ( 1 9 7 6 ) , whi l e  working  in C a l i f o rn i a ,  c o l l e c t e d  
honeyb e e s , b umb l eb e e s , b e e  f l i e s  an d s ma l l - he ade d fl i e s  
v i s i t ing Rh o d o d endron . M e e us e  ( 1 9 6 1 )  r ep o r t e d  the Wh i t e ­
l in e d  Morning Sphinx and Sh i e l ds ( 1 9 7 2 ) l i s t e d  an I ndi an 
p a p i l i on i d  but t e r fl y  � ph i l ox enus as  fe e di n g  from ��ad o­
dendr o n . The fl owe rs o f  fl ame a z a l e a  and Cumb e r l and a z al e a  
f i t  the de s c r ip t i on o f  f l owe r s  ut i l i z e d by humm in gb i rds.  
( G rant and G r an t  1 9 6 8 )  and J ame s ( 1 9 4 8 )  r ep o rt e d  that t h e  
ruby - thr o at e d  hummingb i rd vi s i t s  t h e  flame a z a l e a .  
P revious  wo r k  has  b e en done on the a z a l e as on G r e g o ry 
B a l d .  The mo s t  ext ens i ve s t udy w a s  und e rt ak e n  by Fr e d  Ga l l e  
t o  s tu dy the gene t i cs o f  the a z a l e a s . H e  ma d e  var i ous  
morph o l o g i c a l  and c o l o r  me as urements  on  the l e ave s and 
fl owe r s  o f  the hyb r i d s  t o  b e t t e r  und e r s t and the inhe ri tanc e 
o f  the tra i ts o f  the a z a le a s  an d t o  d e t e rmine the o r i g i n  o f  
many o f  the hyb r i d s . Un fortuna t e l y , a f t e r  s even ye ars o f  
s tu dy , the only c o py o f  h i s  n o t e s  was s tolen b y  a b e ar and 
the study was neve r c omp l e t e d . Robe rt  Ma cDona l d  and A .  R. 
C o g g i n s  ( 1 9 67)  c o l l e c t e d  c ut t ings from 3 2  i n d i v idua l a z al e a  
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c l one s f o r  p ropa gat i on at The Un ive rs i ty o f  T enne s s e e  
Arb o r e tum and a t  the Un i t e d  S t at e s  �a t i o na l  Arb or e t um i n  
W a s h i n gt o n , D .  C .  They c o l o r  typ e d  t h e  3 2  clcne s and found 
qui te a var i e ty o f  fl owe r c o l o rs p r e s ent  on the b al d . Th e y  
d i d  n o t  a t t emp t  t o  c la s s i fy e ve ry indivi du a l  fl owe r typ e 
p r e s ent . Henry S k i nne r ,  from the Mo r r i s  Arb o re tum , ex ­
t ens i ve ly ph o t o g r aphe d  and c o l l e ct ed on Gre g o r y  B a l d  i n  an 
e ffort  t o  s tu dy the a z a l e as t axonomi c al ly . Hui - l i n  L i  
( 1 9 5 7 )  c oun t e d  t h e  chromo s om e s  o f  a few a z aleas c o l l e c t e d  
o n  Gre g ory B a l d . 
No  p o l l i na t i o n  e c o l o gy re s e a rch h a s  p revi ous ly b e en 
done o n  Gre go ry B a l d. The re is  a l s o  a l ac k  o f  p o l l i nat i on 
re s e arch on the Rho dod end r on g enus in gene ra l . Th e d iv e r s e 
c o mp o s i t ion o f  t h e  G r e g o ry B al d  hyb r i d  swarm al lows  one t o  
e xami n e  the a t t rac t i on o f  f l owe r  typ e s  o f  d i f fe r ent c o l o r s  
b ut s imi l a r forms t o  p o l l ina t o r s . I n  th i s  s tudy I examine d 
as p e c t s  o f  the r e p ro du c t ive b i o l o gy o f  the a z al e as and the 
b ehavi o r  o f  the p o l l i na t o r s  that wi l l  h e lp exp l ai n  the o r igin 
o f  the hybr i ds on Gr e go ry B a l d . 
I n  Chap t e r  I I  I ex amine  s e ve ra l  as p e c t s  o f  t he fl o r a l  
b i o l o gy o f  t h e  a z a l e as , t h e  p o l l ina t o r  b eh av i o r  a n d  the 
ne c t ar charact e r i s t ic s . In Chap t e r  I I I  I d i s c u s s  the 
c o n s t ancy o f  the po l l inat or s t o  the fl owe r typ e s  and the 
e f fe c t  o f  p o l l inat or  c ons t ancy on the hyb ri d i z a t i on of  the s e  
a z a l e as . The e f f e c t  o f  s e l f - po l l inat i on and ap omi ct ic r e p ro ­
duc t i on on th e s e e d  s e t  o f  the a z a l e as i s  d i s c us s e d in 
Chap t e r  IV . 
CHAPTE R I I 
FLORAL B I OLOGY AND POLL I �AT OR B EHAVI OR 
D i f fe r e n c e s  and s imiiar i t i e s  in the f l o r a l  bi o l ogy o f  
the a z al e a  hyb r id s  w e r e  e x amine d  t o  d i s c ove r p o s s ib l e  c o r re l a ­
t ions  w i th d i f fe r en c e s  i n  the at t r a c t i ve n e s s  o f  the hyb ri ds 
t o  t h e  p o l l inat o rs . P o l l in a t o r  b eh av i o r was e x amin e d  i n  
orde r t o  d e t e rmine i f  t h e  p o l l ina t o rs  b e h ave d d i f fe rent ly o n  
di ffe r ent fl owe r t yp e s . T h e  fo l l ow ing  asp e c t s o f  p o l l inat o r  
b ehavi or  a r e  e xamined  i n  thi s  chap t e r : p o l l inat i on e f fi c i ency 
o f  the fl owe r v i s i t o rs , at t r ac t i vene s s  of the f lowe r typ e s , 
f l owe r t yp e  p re fe r ence o f  the p o t en t i a l  p o l l in a t o r s , r e l at i ve 
abundan c e  o f  the p o l l ina t o r s  as they v i s i t  the f l owe r typ e s , 
the b e havi o r  o f  the b umb l eb e e s  wh i le c o l l e c t in g  p o l l en or  
nectar  and the e ff e c t o f  t e mp e rature and t ime on p o l l i n a t o r  
act i v i t y . 
The fo l l owing as p e c t s  o f  the f l o r a l  b i o l o gy are d i s ­
cus s e d  in th i s  c h ap t e r: p r o t andry and ne c t a r  ava i l ab i l i ty , 
w i n d  p o l l in a t i on , the typ e s  o f  f l owe r v i s i t ors , ne c t ar 
amount , p e r c ent n e c t a r  s u g ar , the p re s enc e o f  ne ct ar ami no 
ac i d s , the t yp e s  of ne c t ar c on s t i tuent s ug ar s  and the e ffe c t s  
o f  t e mp e rature and t i me o n  nec t a r  and p o l len ava i l ab i l i ty . 
I .  GENE RAL METHODS 
I ob s e rv e d  the p o l l ina t i on e co l o gy o f  th e s e  az al e a s 
from Jun e  1 0  t o  Ju ly 9 ,  1 9 7 7 . S e e d  s e t dat a we re c o l l e c t e d  
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ln l a t e  Oct ob e r  wh en the c ap su l e s  m ature d .  As p e c t s  o f  
fl o r a l  b i o l o gy and n e c t ar p r oduc t i on we re ob s e rved on 
s e l e c t e d  a z a l e a  hyb r i d s . The s e  hyb ri d s  we re c l a s s i fi ed 
int o fl owe r t yp e s  o f  s imi l a r  c o l o r  and mo rpho l o gy . The 
p l ants  within  a f l ow e r  typ e are  p r e s umab l y o f  s imi l ar 
p a r e nt a ge . A Roy a l  Hor t i c u l tural S o c i e t y  C o l ou r  Chart 
( An onymous 1 9 6 6 )  was us e d  to c l as s i fy t he f l owe r c o l or s . 
S inc e t h e  co l o r  var i e s  w i t h  the age o f  the fl ower , n o  " o l d "  
fl owe r s  we r e  us e d  for the c o l or det e rm inat i on .  The cor o l l a  
tub e  l en gth and c o r o l l a  di ame t e r va r i e d  amo n g  the hyb r i d s  
and s o me hyb r i d s  p ro du c e d  a d e t e c t ab l e  o d o r  wh i l e  o th e r s  
d i d  n o t . V i s i t a t i on o f  t h e  f l owe r typ e s  by  p o l l i n a t o r s  w a s  
ob s e rv e d  o n  a p e r  p l ot b a s i s . Twe lve  s qu are p l o t s  whi ch 
w e r e  1 6  fe e t  on a s i d e  we r e  e ach ob s e rve d for  2 0  minut e 
pe ri o d s . S e ven o f  the s e  p l ot s  w e re ob s e rve d 1 0  t im e s  an d 
five  w e r e  ob s e rve d 1 2  t im e s . A p l an t was c ount ed as i n  the 
p l ot i f  mo re than one - h a l f o f  the c rown was ins i d e  the p l ot 
b ound a r i e s . 
The p l ot s we re s ub j e ct ive ly s e l e ct e d  b e c aus e o f  ce r ­
t a in c omb inat i ons o f  f l owe r typ e s  p r e s ent in the p l o t . The 
p l o t s  were not chos en i n  a r andom manne r b e c aus e the 
maj o r i ty of them woul d  h ave c ont a i n e d  s o l e l y  red  f l owe re d 
p l ant s . Ei ghty - s e ven o f  the 1 1 8  p l an t s  s amp l e d  (74% ) we r e  
r e d  fl owe r e d . Two t o  f ive fl owe r typ e s  w e r e  usua l ly p r e s ent 
in the p lo t s  and the age , s i z e an d spac ing of the p l an t s  
var i e d  from p l o t  t o  p l o t . Th e f l owe r typ e  c omp o s i t i on o f  
the p l o t s  al s o  chan ge d  t h r ou gh t ime b e c ause  s ome o f  the 
fl owe r typ e s  fini s h e d  b l o om i n g  b e fo r e  o t h e r s b e g an to 
b l oom . 
I I .  P ROTAN D RY AND NE CTAR AVAI LAB I L I TY 
Re s ul t s  and D i s cu s s i on 
1 0  
Az a l e as are p r o t androus ( th e  anth e r s  b e g in t o  she d 
the i r  p o l l en b e f o r e  the s t i gma b e comes  r e c ep t i ve ) . The 
p or e s in the an the r s  mature b e fore  the f l owe r b ud opens 
in p inxt e r - fl owe r ,  Rho d o d endron nu di fl o rum , f lame a z al e a  
and the hyb ri ds o n  Gre g o ry B al d .  B e e s  ( B ombus s pp . , 
Andrena spp . and H a l i ct i da e )  o ft e n  ent e r  the  b ud to  c o l l e ct 
po l l e n .  Thep o l l en t e t rads are h e l d  t o ge th e r  b y  vi s c in 
thre ad s whi ch a id in the d i sp e rs a l o f  the p o l l e n  b y  fl owe r 
vi s i t o rs . As the inse c t' s  b o dy t ouch e s  the p o re the v i s c i n  
threads  s t i ck t o  t h e  in s e ct and a s t r in g  o f  p o l l en i s  w i th ­
d r awn . Fae g r i  and van der  P i j l ( 1 9 7 1 )  repo rt tha t  in s o me 
Rh o d o dendron s p e c i e s  the an th e r  c ontr a c t s  and the p o l l e n  i s  
squ e e z ed from the anth e r . Thi s  d o e s n o t  happ en in these 
hyb r i ds . Al th ough p o l l e n  i s  mature wh i l e  the f l owe r is in 
b ud , c l e i s t o g amy ( s e l f - p o l l in at i on w i th i n  a c l o s e d  f l owe r 
bud) do e s  n o t  o c cur b e c aus e the s t i gmas a re s p at i a l ly 
s e p ar at e d  fr om the anthe rs . 
Th e s t i gmas b e c ame re cept i v e  one or  two days a ft e r  the 
f l owe r  bud opene d ( Table I) . Th i s  charac t e r i s t i c  was ex ami ned 
fo r the flowe r typ e s  b e c aus e the l en gth o f  t ime be fore the 
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s t i gmas b e come re c ept i ve c ou l d  in fluence the s e e d  s e t  o f  
the f l owe r typ e s . 
TAB LE  I 
THE NUMBE R O F  DAYS UNT I L S T I GMA RE CEPT I V I TY 
F l ow e r  
Typ e P - 1 R - 1 R- Z , R- 3  W - 3  
Pl an t  1 1 1 o r  2 1 1 o r  2 
P l an t  2 1 o r  2 1 
� 
P l an t  3 1 o r  2 
P l ant 4 1 o r  2 
D e t ermining s t i gma re c e p t i v i t y  was a d i f fi cu l t  t as k  
and wa s o ft e n  a s ub j e c t ive d e t e rminat i on . S t i gma mo rph o l o gy , 
c o l o r and s t i ck in e s s  d i f fe r  b e twe en re c e p t ive and un re c ep t ive 
s t i gma s . The c o l o r  and s t i ck i n e s s a l s o vary fr om f l owe r type 
t o  fl owe r type . I n  gene r al the s t i gm a s  o f  re d ,  fl e s h  and 
ye l l ow fl owe r  typ e s change from d ry and gre en to s t i cky and 
l i ght e r  gre en . S ome t i me s  the s t i gmas may b e  s t i cky wh en th e 
f l owe r b ud opens and b e c ome more s t icky when r e c ept ive . The 
wh i t e  and purp l e  fl owe r typ e s  have purp l e  s t i gmas that are 
dry or s t i c ky wh en unr e cept ive or  s t i ck i er wh en rec ept i ve . 
Th e s t i gmas o f  a l l  the fl owe r typ e s  al s o  e n l a r ge and the 
s t igmat i c  sur fac e  b e come s s mo othe r t h an b e fo r e . A s t i gma 
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p a s t r e c ep t i vi ty turns wh i t i s h an d p o l l e n  d o e s  not  a dhe r e  
t o  i t  a s  we l l . The s e  ch an g e s  are c o n t inuous and i t  i s  
d i f f i c u l t  t o  de t e rmine e x ac t l y whe n  the s t i gm a  b e c omes  
re c e p t ive or  p a s t r e c ep t i v i ty . 
I n  cont r as t t o  p o l l e n, n e c t a r i s  n o t  ava i l ab l e  
thro ugh o ut the fl owe ring p e r i od o f  the p l ant s . Wh i l e  the 
f l owe r i s  i n  b u d  and du ring  the fi r s t  2 4  h o ur s  that the 
fl owe r i s  open , n o  n e c t a r  i s  p ro du c e d .  The b e g inn i n g  o f  
ne ct ar p r o duc t i on c o i nc i d e s  w i th the r ipening  o f  the s t i gma . 
Th i s  may ind i c a t e  that the p l ant i s  adap ted t o  p o l l inat i on 
b y  a n e c t ar gather e r . The ne c t a r  i s  ava i l ab l e t hr ou gh ou t  
t h e  re s t  o f  t h e  fl owe r i n g  pe r i od unt i l  s h o rt ly b e fo re t h e  
c o ro l l a  det ache s from t h e  r e c e p t ac l e . 
Le e ( 1 9 6 5 )  n ot i c e d  that unp o l l i na t ed fl ow e r s  rem a i n  
on t h e  p l an t s  l on g e r  than p o l l inat e d  f l owe r s . T h e  fl owe rs I 
ob s e rve d ins i d e  the w i r e  ins e c t  ex c l ud e r s  d i d  the s ame thing . 
This  app e a r s  t o  b e  an adap t a t i on t o  inc re a s e the chanc e s  o f  
p o l l inat ion in fl owe rs that  have not  b e en p o l l in a t e d .  
I n  the next s e c t ions  the e ffe c t  o f  w ind an d ins e c t s  
a s  agents  o f  p o l l en di s p e rs a l  i s  d i s cus s e d .  
I I I . W I ND P O L L I NATI ON 
Me thods and Re sul t s  
Wind doe s not  s e em t o  b e  a ve ry imp o r t an t  fac t o r  in 
the p o l l inat i on o f  th e s e  a z a l e as . One hundr e d  an d s ixty - one  
fl owers  p l ac e d  ins i d e  c y l i n d r i c al i n s e c t  ex clud e r s  16  
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c en t ime t e rs in diam e t e r  and 4 8  c e n t i me t e rs l ong fab r icat e d  
from one-qu a rt e r  inch hardware c l o th h a d  a l ow s e e d  s e t 
( T ab l e  I I ) .  Wind was fre e ly ab l e  t o  b l ow throu gh the enc lo ­
sures  and ins e c t s  s e l d om e nt e re d  the m .  Onl y  1 3  capsul e s  
we r e  pr o duc e d  from 1 6 1 f l ow e r s  ( eight o f  wh i c h  w e r e  p r ob ab l y  
b umb l e b e e  p o l l i n a t e d ) . I n  l i ght o f  th e low s e e d  s e t , t h e  
b i as  i n t r oduc e d  b y  re s t ri ct in g  t h e  b r anch mo ve ment o f  the 
enc l o s e d  f l owe rs is  minimal . 
D i s cu s s i on 
Fred  G a l l e  ( p e rs onal  c ommun i ca t i on )  h as ob s e rve d 
c as e s  o f  wind p o l l inat i on in s ome a z a l e a s . I n  t h o s e  p l ant s 
the w ind b l ew the s t ame n s  s o  that they t ouche d  the s t i gmas 
and s t y l e s  of ne arb y f l ow e r s  and h e n c e  e ffe c t e d  p o l len 
t ran s fe r .  Vi s c in thre ad s  p reven t e d  the p o l l e n  from b e ing  
b l own from the  anthe rs  as  i t  is  in mos t wind p o l l inat e d  
p l ant s . The w ind usua l ly e f fe c t e d  s e l f - p ol l i nat i on ,  b ut 
might h ave c aus e d  c r o s s - p o l l i nat i on whe re a z al e a  p l ant s gr ew 
s o  c l o s e  t o ge the r that they t ouch e d  e ach othe r .  Du r i n g  and 
a ft e r  w ind p o l linat i on the f l owe rs  app e a r  c obwebby b e c aus e  
the vi s c in thre a ds are drap e d  abo ut the f l owe r s .  Th i s  was 
n o t  ob s e rve d on G re go ry B a ld . 
A fac t o r  that inh ib i t s  w ind po l l inat i on on Grego ry 
Ba l d  i s  th at  the b ees o f t en c o l l e c t the p o l l en s ho r t l y a ft e r  
t h e  f l ow e r  opens and n o  p o l l e n  i s  l e ft for w i nd p o l l ina t i o n . 
In the s ub s e quent s e c t i on the typ e s  o f  p o l l inat o r s  are 
e x amine d .  
TAB LE I I 
SEED SET I N  THE WIRE FLOWE R ENC LOSU RE S  
Numb e r  o f  Numb e r  o f  Numb e r  
F l ow e r  F l owe rs C ap s u l e s o f  S e e ds 
Typ e Pl an t  E nc l o s e d  F o rmed P r o duc e d  
W - 2  1 7 1 6 
W - 2  2 1 6  0 0 
W - 3  1 3 0 0 
W - 3  2 5 0 0 
F - 2 1 4 0 0 
F - 2  2 4 1  8 2 6 , 7 , 1 9 , 3 4 , 3 1 , 2 8 , 
2 1  ( Bumb l e b e e  i n -
s i d e  e x c l ude r) * 
F - 2  3 6 0 0 
P - 1  1 1 1  0 0 
P - 1  2 8 0 0 
P - 2  1 6 0 0 ( Bumb l e b e e  in-
s i de e x c l ud e r )  
R - 1  1 7 0 0 
R - 1 2 5 1 2 6  ( c ap su l e  
mos t l y  e a t e n) * *  
R - 3 1 7 0 0 ( Bumb l eb e e  in-
s i d e  ex c lude r)  
R - 3 2 1 0  0 0 
R - 3 3 5 3 ? 
R - 3 4 5 0 0 
R - 2 , R - 3  1 4 0 0 
R - 2  , R-3 2 4 0 0 
R - 2 , R - 3  3 ? 0 0 
rrr TI m 
* A  bumb l eb e e  was ob se rve d  ins i d e  the ins e ct e x ­
c lude r . 
* * A  c o l e o pt e rou s o r  l e p idop t e rous larva d e voure d 
the c ap s ul e c ont ent s b e f o r e  the s e e d s c ou ld b e  c ount e d. 
1 4  
1 5  
I V .  THE TYP E S  OF FLOWE R VI S I TORS 
Rhododendron sp e c i e s  at t r a c t  many d i ffe rent  kinds o f  
po tential p o l l i n a t o r s . Mo l de nk e ' s  ( 1 9 7 6 )  and Mi t ch e l l's 
( 1 9 6 0 , 1 9 6 2 )  l i s t s  demon s t r at e  that  s in g l e  s pe c i e s o f  
Rhodo dendron or groups of c l o s e ly r e l a t e d  s p e c i e s  a t t r ac t  
a w i d e  vari e t y  o f  fl ower vi s i t ors . I ob s e rve d b umb l eb e e s , 
hon e yb e e s , s m a l l  b e e s , but t e r fl i e s , f l i e s , wa s p s ,  b e e t l e s , 
moth s and the rub y - thr o at e d  hummingb i rd v i s i t ing t h e  f l owe rs  
o f  the Gre go ry B al d  az a l e as ( T ab l e  I I I ) . Th e mor ph o l o gy o f  
the s e  a z al e a  fl owe r s  ( a  l on g  s lend e r  co r o l l a  tub e  and 
exe rt e d  s t amen and s t yl e )  s u g g e s t s  a s p e c i fi c  r e l a t i on s h i p  
w i t h  a p art i c u l a r  p o l l inator  s pe c i e s  o r  type o f  p o l l inator 
( Fa e g r i  and van de r P i j l 1 9 7 1 ) . I t  i s  s urp r i s ing  that a 
wide  v a r i e t y  o f  p o l l in a t o r s  v i s i t e d  the a z a l e a s  on Gre g ory 
B al d .  
Not  al l o f  the s e  flower v i s i t o r s  are equa l ly e f f i c i ent 
at t rans fe r r ing p o l l en fr om an the r t o  s t i gma . I n  the next 
s e c t i on I di s cus s  the p o l l inat i on e f fi c i ency of the fl owe r 
v i s i t o r s . 
V .  POL L I NAT I ON E F F I C I EN CY OF THE F L OWE R VI S I T ORS 
A vi s i t to a fl owe r typ e d o e s  not imp ly that p o l l ina ­
t i on h a s  oc curr e d . Many fl owe r  vi s i t o r s  o f  the a z al e as are  
n o t  p o l l inat o r s . S ome of  the s e  fl owe r vi s i t o rs  visi t the 
fl owe rs fo r p o l l en , othe rs s e ek ne c t ar and s ome s e e k  b o th 
TAB LE I I I  





Bombus pe1lexus Cresson 
B. vagans mith 
B. bimaculatus Cresson 
B. aff1nis Cresson 
B. 1mpat1ens Cresson 
B. terricola Kirby 




Augochlora lura Say 
Angochlorel a striata Provanchier 
Altgochloropsis rnetallica Fabricius 
Evylaeus guebecens1s Crawford 
Trtallctus laevlSSliTIUS Srrdth 
D. abanci Crawford 
Il. versans Lovell 
IT. 1m1tatus Smith 
IT. caeruleus Robertson 
The Relative Abundance* * 
of the Species of 
Flower Vis itors 
DTifer-- Fanuly Species 
90 . 2  
70 . 6  
19 . 3  
10 . 9  
13 . 0  
8 . 2  
16 . 2  
2 . 2  
0 . 6 
6 . 3  
6,3 










Efficiency I . V. 
0 .  33 23.3 
0.33 6 . 4  
0 . 33 4 . 3  
0 . 33 2 . 7  
0,33 5 . 3  
0 . 33 0 . 7  
0 . 33 0 . 2  
0 . 2  1 . 3  









Vespu1a norwegicoides S1aden 
V. artica 
V. arenaria Fabricius 
Eumenes spp. 
fonnlClClae 





Epargrreus c1arus clarus Cramer 
Erynn1s sp. 
Papi1ionidae 
PapV�o g1aucus L. Crap unum sp. 
Daneidae 





TAB LE I I I  ( c on t inue d) 
The Relative Abundance* * 
of the Species of 
Flower Vis itors 
OrCier Fam1Iy Species Efficiency I.V. 
0 . 1  
0. 1 0 . 3 3  0 . 03 
0 . 1  
0 . 1  0 . 2  0 . 02 
10 .4 1 . 0 
6 . 2  0 . 1  0. 6 
2. 8 0 . 1  0 . 3  
0. 6 0 . 1  0. 06 
0 . 2  
+ 
0. 1 
0 . 1 
6. 5 
6 . 0  
5 . 8  0 . 2 1 . 2 
0 . 2  0 . 1 0 . 0 2  
0 . 2  
0 . 2  0 . 5  0 . 1  
+ 
+ 
0 . 2  






Autographa b iloba (Stephens) 






Eristalis tenax L. 
Anosrapta sp . 
Tachin1dae 





Pidonia densicolla Say 
P. au rata Korn 
P. ruficollis Say 
Elateridae 
Amghedus sp . 
Cantlieridae 
Cantharis sp . 
Scarabaeidae 
� japonica Newman 
TAB LE I I I  ( con t inued)  
The Relative Abundance* * 
of the Species of 
Flower Vis itors 




0 . 1 0.05 0.005 
2.3 
1.7 
0.9 0.05 0.05 
0.8 0.2 0.16 
0.5 
0.5 0.5 0.03 
0.1 
0.1 0.05 0.005 
0.3 





0.1 >0.05 >0.005 
+ 
0.1 








Archil ochus colubris 
TAB LE I I I  ( c ont inued)  
The Relative Abundance** 
of the Species of 
Flower Vis itors 
ITraer �--Family- �� Species 
+ 
1 . 0  
1 . 0  
Efficiency 
o .s 
* Importance values ( I . V.) were calculated by multiplying the relative abundance times the 
efficiency . 
**The relative abundance was calculated as a percent . 
+Flower vis itors that were obse rved on the plants that were not in the plots . 





p o l l en and nect a r . The fo l lo w ing  di s cus s i on c omp a r e s  t h e  
p o l lina t i on e f fi c i enc i e s  o f  the more  c ommon f l ow e r  v i s i t o r s .  
T ab l e  I I I  p r e s ent s p o l l inat i on imp o r t an c e  va l ue s  f o r  many 
o f  t h e s e  p o t ent i a l  p o l l i n a t or s . The s e  va l ue s  w e r e  c a l c u ­
l a te d  b y  mul t ip l y ing t h e  r e l a t ive abundanc e o f  t h e  p ol l i n ­
a t o r s  b y  the e ff i c i ency o f  the po l l in a t o r s  ( th e  numb e r  o f  
t i me s  the p o l l inat o r  t o uche d a s t i gma pe r fl owe r v i s i t ) . 
The r e l at i ve ab und an c e  i s  a p e r c e n t a g e  that i s  c a l c u la t e d  
from the visi t a t i o n  t o  t h e  p l o t s  b y  t h e  p o l l inat o rs . Th e 
numb e r  o f  t ime s  the po l l i na t o r s t ouched the s t i gma p e r  
fl owe r vi s i t w a s  a sub j e c t i ve d e t e rmina t i on b as e d  on ob s e rva ­
t i on o f  the p o l l inat o r s  in the p l ot s . 
Re su l t s  and D i s cus s i on 
The bumb l eb e e  wo rke r s are the mo s t  fre qu ent v i s i t o r s  
t o  t h e  a z a l e a  fl ow e r s , b ut t h e y  a r e  n o t  v e ry e ff i c i ent a t  
p o l l en t r an s fe r .  T h e  ne ct ar gath e r e r s  a r e  inadve rt ent 
po l l i n a t o r s  b e c aus e they s e l do m  tou ch the s t i gma . The 
s t i gma s are e x e rt e d  far b eyond the co ro l l a  open ing and the 
bumb l eb e e s  do no t t ouch the s t i gmas  wh i l e  r e s t i ng o n  th e 
c o r o l l a  and p rob ing  the c o r o l l a  tub e . O c c a s i onal ly wh i l e  
app ro a ch ing the f l owe r , the worker  w i l l  bump into the s t i gm a. 
Que en b umb l eb e e  n e c t a r  gath e re rs c an b e  e ffect ive 
po l l in a t o r s  of the flowe rs b e c aus e o f  the i r  l a r g e r  s i z e  and 
b e c au s e  of the way they app ro a ch the f l ow e r s .  A qu e en 
app ro ache s t h e  flowe rs from the fr ont or from the s i de . 
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I f  s h e  appr o a ch e s  from the front , then s h e  h a s  a ch an c e  o f  
po l l inat in g the f l owe r by  f l y ing into t h e  s t igma and ant h e rs . 
S ome t i me s  s h e  wi l l  wa lk from fl ow e r  t o  f l ow e r  i n  t h e  umb e l  
and n o t  e ffe c t  much p o l l en t rans fe r .  
Bumb l eb e e s  that c o l l e c t  po l l en are  more  e ff i c i e n t  
p o l l in at o r s  than bumb l eb e e s  t h a t  f o r a g e  ne c t ar . O ften the 
s tyl e was e x e r t e d  ab o ve the f i l amen t s  but  whe n  the s t i gma 
was ne a r  the anth e r s  the bumb l eb e e s  t o uched  t he s t i gma wh i l e  
gathe ring p o l l en . Al though the bumb l eb e e s  t ouche d the 
s t i gmas they d i d  not c a r ry much po l l en on the i r  b o d i e s and 
they d i d  no t e f fec t much p o l l inat i o n  i f  cons i d e r e d  on a p e r  
fl owe r vis i t  b a s i s . Neve rthe l e s s , t he p o l l en c o l l e c ting 
bumb l eb e es w e r e  p rob ab ly the s in g l e m o s t  imp o r t ant p o l l inat o r  
group in t e rms o f  numb e r s  o f  individua l s  and amount o f  p o l ­
l inat ion e f fe c t e d  a l though they w e r e  ine ff i c i ent p o l l inat o r s . 
The b umb l eb e e s  u s e d  two di f fe r ent fo r a g i n g  me thods  t o  
g athe r p o l l en . They e i the r h ove r e d  ove r the anthe rs  and 
s c r ab b l e d  them fo r p o l l e n  o r  l an d e d  o n  the f i l ament s and 
r e mo ve d the p o l l en wi th the i r  mandib l e s  or max i l l ae . The y  
h e ld o n t o  the f i l ament s w i th the i r  s e c ond and th i rd pa i r s  
o f  l e gs and t rans f e r re d the p o l l en t o  t h e  c o rb i cu l a  ( p o l l en 
basket )  w i th the i r  front l e gs . B o th typ e s  o f  p o l l e n 
col l e c t i ng b ehavi o r  we re us e d  b y  a l l  s ix s pe c i e s  o f  bumb l e ­
b e e s . 
B ut t e r f l i e s  we re c ommon flower vi sitor s  t o  the 
a z al e as . The s i lver- suo t t e d skipper , Epa r gyreus c l a rus c larus 
C r ame r , was  t h e  mo s t  common b ut t e r fl y  on Gr e g ory B a l d .  
Th e s e  b ut t e r f l i e s  l and on the co r o l l a  and p rob e the 
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c or o l l a  tub e from the s id e . L epp i k  ( 1 9 7 4 ) al s o  ob s e rv e d  
butt er fl i e s p ro b e t h e  co r o l l a  tub e from t h e  s i d e , b ut h e  
ob s e rv e d  bu t t e r fl i e s c ov e r e d  w i t h  po l l e n . I s aw no  b ut t e r -
f l i e s  c ove r e d  w i th p o l l en , b ut I o c c a s i onal l y  s aw but t e r ­
f l i e s  t ouch the anthe r s and s t i gmas . The win g t ip s  t ouched 
the anthe rs and s t i gma as  the  but t e rfl y p rob e d  the c o ro l l a  
fo r nec t ar .  The t i ge r  swa l l ow t a i l , P ap i l io gl au cus  L . , an 
uncomm on fl owe r vi s i to r ,  b ehave s l ik e  the s i l v e r - s p o t t ed 
s k i pp e r  whe n  v i s i t ing  f l owe rs . I t  h a s  a g re at e r  ch anc e o f  
t ouchi n g  the s t i gmas than d o e s  the s k i pp e r  b e c aus e i t s  w i n g s  
are  l a r ge r .  I t  may n o t  only  t ouch t h e  r e p ro du c t i v e  par t s  
o f  the f l ow e r  i t  i s  r e s t in g  up on , but I ob s e rve d i t  t ou ch 
tho s e  on  n e arby fl owe rs  as we l l .  
The e ffe c t  o f  sma l l  ins e c t  fl owe r v i s i t o rs ( smal l 
b e e s  and fl i e s , wasps , ant s  and c e r amb y c i d  b e e t l e s )  on the 
p o l l inat i on o f  the a z a l e as w a s  t e s t ed by us in g cyl indri c al 
w i r e  in s e ct ex c l ud er s  1 6  c en t ime t e r s  i n  d i ame t er and 48 
c ent ime t e rs long  fab r i c at e d from one - quart e r  inch hardware 
c l o t h .  The  smal l f l owe r v i s i t or s  r a re l y  ent e re d  the s e  
fl owe r enc l o sure s ,  but a few b umb l eb e e s  ent e r e d  the s e  
enc l o sures  and in one c a s e  may have e f fe c t ed s ome po l l in a -
t i on ( T ab l e  II , p a g e  1 4 ) . Th e wire ex c l ud e r s  may b e  mo s t  
useful i n  a p o ll i na t i on s t udy of R. nud iflorum b e c ause �he 
. 
-
s ma l l e r  in s e c t s  are more ab undant (L epp i k  19 7 4  and p e r s on a l  
ob s e rvat ions ) . 
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The s ma l l  b e e s  are f a i rly c ommon fl owe r vi s i t o r s , 
but the y  ra r e l y  t ouche d the s t i gma . Wh i l e  c o l l e c t i ng  
p o l l e n  they l anded  on the  c o r o l l a ,  fi l aments  or s t y l e  an d 
c r awl e d  t o  the anthe rs o r  they l and e d  on the anthe r s . 
Dur i n g  p o l l en c o l l e c t ion the b e e s he l d  ont o  the b o t t om o f  
the anth er o r  t h e  f i l ament w i th the i r  hind  l e g s , e x t rac t ed 
the p o l l en w i th t h e i r  mo uthp art s and then , us i n g  the ir  
first  two  p a i r s  of  l e gs , t rans fer r e d  it  to  the i r  h i nd l e g s. 
Whi l e  c o ll e c t i n g  ne c t a r  the smal l b e e s  s t ayed  on the c or ol l a  
sur fac e and d i d  not c r aw l  up the s t amen . They p r o b e d  t h e  
c o r o l l a  tub e  o r  c r awl e d  t o  t h e  b as e  o f  t h e  det ached c o ro l l a  
and pr ob e d  f o r  ne c t ar . 
Ve s p id w a s p s  (V e s pul a s pp . )  w e r e  a l s o c ommon vi s i t or s  
t o  t h e  a z al e a  fl owers . The s e  was p s  fo r a g e d  s o l e l y  for 
ne c t ar an d r a re ly t ou ch e d  the r e p ro du c t i ve p a r t s  o f  the 
fl owe r .  The h a i ry b o di e s  o f  the s e  wasps  p i ck e d  up a few 
p o l l en gr ains but  they rare ly t ou ch e d  the s t i gma s . Th e ir 
ne c t a r - for a g i n g  b ehav i or was  much the s ame as  that  o f  the 
sma l l  b e e s . They conf ined the i r  vi s i t s  t o  the c o r o ll a and 
prob e d  e i the r  the o p en c o r o l l a  tub e  o r  the d e t ac h e d  c or o l l a  
b a s e  o f  the fl owe r .  
The f l i e s  that are a t t r acte d  t o  the fl ow e r s  are a l s o  
not  e f fi c i ent po l l inat o rs o f  the p l an t s . E r i s t a l i s  t e n ax 
( L . ) ( Syrph i d a e )  and Ep alpus s i gni fe r (W lk.) ( T a ch i n i d ae)  
w e r e  ne c t a r  fe e d e rs t h a t  confined the ir £�owe r visits t o  
t h e  c o r o l l a .  The y  d o  not t ou ch the s t i gmas n o r  do they  
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c raw l t o  the b as e  o f  the d e t ache d c o r o l l a  a s  the sma l l  b e e s  
and was p s  d o . A l l o gr ap t a  p rob ab l y ob l iqua ( D r . Vo ck e r oth 
p e r s on a l  c ommun i ca t ion) ( Syrphi da e )  is  a p o l l e n fe e de r  and 
occ as i on a l l y  wi l l  t o uch the s t i gm a . Al l o gr apt a i s  a s mal l 
fly  t h at us ua l l y hovers  and l ands on  the anthe rs  and p r ob e s  
them w i th i t s  p rob o s c i s . I t  w i l l  a l s o  p rob e the s t i gma 
a l thou gh i t  probab l y  does  not e f fe c t mu ch po l l inat i o n. 
Ant s and c e r amb yc i d  b e e t l e s  were  al s o  found on the 
fl owe r s  b ut they p r ob ab ly e f fec t e d  l i t t l e  po l l ina t ion . The 
ant s , Form i c a  s ub s e ri c e a  ( S ay) , c raw l e d  ab out the c o ro l l a  
s ur fa c e  and p rob e d  the c o ro l l a  tub e  f o r  ne c t ar . Th ey p rob ­
ab l y  s t ay e d  on one p l ant and d i d  no t e ffe c t  any c ro s s ­
p o l l inat ion . The b e e t l e s  ( t hree  s p e c i e s  o f  P id o n i a )  fe d 
on  the p o l l en . They f l ew t o  the fl ow e r s  and l anded  on the 
c o ro l l a , the f i l ament s or the s ty l e  and th en c l imb e d  up t o  
the an ther s .  A l t h ough po l l en s t uck t o  the b e e t l e s  and the 
b e e t l e s  oc c a s i on a l ly t ouche d the s t i gma s they e ffe c t e d  l i t t l e  
po l l inat ion. 
The rub y-throat e d  hummingb i r d , Ar chil o chus c o lub ri s , 
was  an i n fre quent fl owe r v i s i t o r . The hummingb i r ds I 
enc ounte red we re nervous in  my p r e s enc e , wh i ch mad e  them 
l e s s  l ik e ly to v i s i t  the flowe rs w i t h i n  the p l o t s . The 
hummi n gb i rds  I was ab l e  to ob s e rve t o uche d the s t i gma s and 
anthe rs  a g r e a t e r  p e rc ent age o f  the t ime than d i d  the 
bu t t e r fl i e s  or bumb l eb e e s. Pollen was obs e rv e d  to st ick 
to  the h e a d , throat  and b ack o f  the b ird whi l e  i t  was 
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vi s i t ing  fl ow e r s . The r e l a t i o ns h i p  b e twe en the morph o l o gy 
o f  the humm i n gb i r d  and the a z a l e a  fl owe r w a s  not p e r fe ct 
b e c aus e the s t amen and s ty l e  curved away from the p ath o f  
the hummingb i rd . O ften the rub y - thr o a t  avo i d e d  the s t amen 
and s t i gma . I t  i s  not known i f  th i s  w a s  int en t i onal  avo i d ­
anc e o r  a c c i d ent al  b eh av i o r . Th e fl owe rs ad ap t e d  for 
humm i n gb i r d  p o l l inat i on mo s t  often h av e  red c o l o rat i on and 
l on g  t ubul a r  c o ro l l as w i t h  ex e rt e d  s t amen and s t y l e s  ( G r ant 
1 9 6 6 ) . B ak e r ( 1 9 6 1 )  r e p o r t s  that hummingb i rds  are  not 
fl owe r c on s t ant un l e s s  the re is a l a r g e  group of a s in g l e  
f l ow e r s pe c i e s  p r e s ent .  B ene ( 1 9 4 1 ) ob s e rv e d  that the 
b l ac k - c h inne d  humm i n gb i r d  exh ib i t ed no  c o l o r  p r e f e renc e t o  
s o lut i on s  o f  c o l o r e d s ug a r  w a t e r .  Th e hummi ngb i r d s  on  
Gre go ry B al d  d i d  not show a c o l o r  p r e fe r en c e  fo r red  
f l ow e r s  and they were  not  c ons tant to  any fl owe r type . 
Sph i ng i d  mo ths w e r e  r are vi s i t o r s t o  the fl owe r s  
b ut t h e y  p rob ab l y a r e  e ffec t ive  p o l l ina t ors . They hove r 
wh i l e  flower  vi s i t ing  in such a p o s i t ion that they touch 
the s t i gm a s  and anthe rs  wi th the und e r s i d e  o f  the i r  
ab d omens o r  thor ax e s .  Th e i r  probo s c i s e s  are l on g  en ough 
that they d o  n o t  h ave to r e s t  on the f l owe rs wh i l e  g athe r i n g  
nec t ar . H emar i s  d i ffin i s  (Bo i s duva l ) , the bumbl eb e e  hawk­
mo th , a day - flying  sph in g i d , was a c ommon vi s i t o r t o  the 
fl ow e rs of  R .  nud i fl o rurn .  T h e  p o l l inat i on re l a t i onship  
b e tw e en th e h awkmo th and Rhododendron s e em e d  t o  b e  
e f f icient ; th i s  h awkmo th touched the s t igmas on almos t 
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e ve ry f l owe r i t  vi s i t e d. O t he r hawkmoths  p r ob ab ly b e have 
the s ame way as Hema ri s  on  az al e a  fl ow e rs . 
Oth e r  s p e c i e s  o f  n i gh t t ime f l owe r vi s ito r s  inc lud e d  
two s p e c i e s  o f  N o c t u i d a e  and one sp e c i e s  o f  G e ome t r i d ae . 
One o f  the noctuids , Au t o graph a b i l o b a  ( S tephens)  hove r e d  
o ve r  t h e  fl ow e rs whi l e  fo r a g i n g  fo r n e c t a r  and p r ob ab l y 
e ffe c t e d  s ome p o l l inat i o n  a l though i t  i s  s ma l l e r  t h an the 
s ph inx moth and has  a s ho r t e r  p r ob o s c i s . The othe r noc t u i d  
s p e c i e s , H ept agro t i s  phyl l op h o r a  ( G r�) , d i d  not  h o ve r ,  but 
c rawl e d  from fl ow e r  to fl owe r in the umb e l. B e c aus e th i s  
s pe c i e s  c rawl e d  from fl owe r  t o  f l owe r i t  pr ob ab ly e f fe c t e d  
l e s s  p o l l inat ion than Aut o grapha a l though b o t h  s pe c i e s  h a d  
a few p o l l e n  grains  on  the i r  b od i e s .  The G e ome t r i d  s p e c i e s  
( un i d ent i fi e d )  t ended to  c r aw l  from f l ow e r  t o  fl ow e r  but 
mo r e  ob s e rvat i on s  are ne c e s s ary to de t e rmin e i f  t h i s  i s  
the c a s e . 
A l l  o f  the s e  mo ths w e r e  onl y  ob s e rve d on two s ep a r a t e  
c l one s  o f  o n e  fl owe r type ( P - 1 ) and an i s o l a t e d  Rh o dod end ron 
max imum L .  F l owe r t ype P - 1  h a s  light c o l o r e d, o d o ri f e r ou s  
fl ow e rs w i t h  l o n g  tubu l a r  c o ro l l as . The s e  charact e r i s t i c s  
f i t  the d e s c rip t i on o f  "typ i c a l "  mo th po l l inat e d  f l ow e r s  
(Bake r 196 1 ) .  The re we re many othe r a z alea p l ant s that 
fit the de s c r i p t i on o f  "moth p o l l i n a t e d  fl owe rs " that r e ­
c e ived no vi s i t s  from moths . No r e a s on i s  p r op o s e d  fo r 
the select iveness o f  these mo ths . 
In the p r e c e d ing  s e c t i ons w i nd and ins e c t s  w e re 
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d i s cus s e d  a s  a gent s o f  p o l l e n  d i s p e r s a l . Ins ects an d 
hummin gb irds  and no t wind e ffe ct  the p o l l in ation o f  the 
a z a l e as . Amon g the fl ow e r  vi s it or s  the bumb l e b e e s  are 
p r ob ab ly the mo s t  imp or t ant p o l l en ve c t or s , thou gh hummi n g ­
b i rds and mo ths may b e  mo re impo r t ant than ind i ca t e d  b y  
t h i s  s t udy . I n  the fo l l owing  s e c t i on the at t r ac t i on to 
flowe r typ e s  and p r e fe r enc e fo r f l ow e r  typ e s  by p o l l in a t o r s  
are  e x amined. 
V I . ATTRACT I VE�E S S  O F  THE FLOWE R  TYPES , F L OWE R TYPE 
P RE FE RENCE OF P OTENT I AL POL L I NAT ORS AND THE 
RE LAT I VE ABUNDh�CE OF THE P O L L I NAT ORS AS 
THE Y  VI S I T THE FLOWE R  TYP E S  
C as u a l  ob s e r vat i o ns o f  the p l an t s  o n  Gre g o ry B a l d  
ind i c a t e  that  c e rt a in p l ant s a t t r a c t  many more  po l l inators  
t han other p l ant s . An att ract ive ne s s  index  was c a l cul at e d  
t o  s ho w  wh i c h  fl owe r typ e s  at t r a c t  the  mo s t  p o l l inat ors . 
Th e values  a r e  c al c ul a t ed on a ' p e r  p l ant" b as i s . The 
f l ow e r  type p r e ference  of the po t e n t i a l  p o l l in ator s pe c i e s  
was  ex amine d  t o  de t e rmine i f  c e rt ain p o l l inat o r s  w e r e  
a t t r ac t ed t o  c e rt a in fl owe r type s mor e  t h an o the r s . A 
f l owe r typ e p r e ferenc e  exhib i t e d  b y  a po l l inat or group may 
a f f e c t  gene fl ow among the a z a l e a s on the b a l d . Th e re l a ­
t ive abundan c e  o f  the p o l l i nat o r s  i s  de fine d t o  b e  the 
rank orde� of the fl ower visiter specie s that visited a 
c e r t ain fl owe r type  ( t h e  mo s t  frequ ent visi t or s p e c i e s  was 
g i ven r ank 1, the s e cond mo s t  fre quent sp e ci e s  r ank 2 ,  
e tc . ) . A c omp ar i s on o f  the r ank o rd e r s  o f  the f l owe r 
vi s i t o rs b e twe e n  the fl ow e r  typ e s  mi gh t  ind i c a t e  wh i ch 
fl ow e r  typ e s  ar e the mo s t  s imi l ar from the po int o f  view 
o f  the  po l l inat or s . 
Me tho ds  
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Du r i n g  the 2 0 - mi nu t e  p l ot s amp l i n g  p e r i od , the 
ar r i v a l  of e ach p o t ent i al p o l l inat o r  was  r e c o r de d ,  as was 
t h e  fi r s t  f l owe r typ e  to b e  v i s i t e d . A p o t ent i a l p ol l i na t o r  
touch e d  t h e  f l owe r for a " vi s i t "  t o  b e  s c ored ; h ov e ring  
ab o ut the p l ant or l and i n g  on a l e a f  d id not c o unt as  a 
"vi s i t . "  
Re su l t s : At t r ac t i v ene s s  o f  the F l owe r Typ e s 
The a t t r a c t ivene s s  index ( T ab l e  I V) w as c o mputed b y  
d i v i d ing  the t ot a l  numb e r  o f  ob s e rv e d  vi s i t s t o  a f l ower  
typ e from a l l  po t en t i a l  p o l l inat o r s  by the t o t al  numb e r  o f  
t ime s e ve ry p l ant o f  that f l owe r t yp e  was  s amp l e d  i n  the 
p l ot s . Th i s  index c omp ens at e s  for the di ffe r enc e s  in  
abund ance o f  the  f l owe r typ e s . F o r  in s t anc e , R - 3 was  t he 
mo s t  c ommon fl owe r typ e ( 3 76 ,  T ab l e  I V) , and i t  r e c e iv e d  
t h e  mo s t  t o t al fl owe r v i s i t s  ( 26 7 ) , b ut i n  comp ar i s on t o  
i t s  abundan c e , i t  w a s  no t vi s i t ed a s  muc h  ( 0 . 7 ) as t h e  mo re 
at t r ac t ive f l ower  typ e s . The att ract i venes s o f  the 
ind i vi du a l  p l ant s of a g i ven fl owe r typ e v a ri e d  g r e atly 
d epending on the s ize o f  the p l ant , the p o s i t i on o f  the 
TAB LE I V  
THE I N DEX O F  ATT RACT I VENE S S  OF THE FLOWE R TYPE S *  
Items F�l P - 5  P-1 W- 2 W- 3 
Flower TyEe 
P-3  F- 2 P- 27476 R-1 R- 3 Y - 2  R- 2 
Number of Plants 1 2 3 3 5 5 4 6 1 1  4 7  3 29 
Number of Vis its to 
a Flower Type 77 56 135 64 90  65 135 45  84 267 16 141 
Sample Size 13 12 35 21 40 33 71 41  9 3  376 23  227  
Attractiveness Index 5 . 9 4 . 7  3 . 9 3 . 0  2 . 3  2 . 0  1 . 9  1 . 1  0 . 9  0 . 7  0 . 69 0 . 6 
*This index was calculated by dividing the total number of visitors to a flower type by 
the nwnber of times that all plants of that flmver type \vere observed for visitation (sample 
si ze) . 
N 
1.0 
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p l ant w i th r e s p e c t  to  o t he r a z al e as o r  o th e r ve g e t a t i on 
and the age  o f  the flowers  on the p l ant s . A l a r g e  numb e r  
o f  p l ant s s a mp le d  w i t h i n  a fl owe r typ e p r ov i d e s  a b e tt e r  
ind i c at i on o f  the at t ra c t ivene s s  o f  that type b e c aus e the 
at t r a c t i vene s s  of  the f l ow e r  t yp e s  va r i e s  among p l an t s  
w i thin flowe r type . S inc e s ome  o f  t h e  f l ower  typ e s  a r e  
r ep r e s ented  by  o n l y  o n e  o r  two p l an t s , t h e  at t r a c t ivene s s  
index i s  a good  qual i t at i ve rathe r than a quant i t at i ve 
t oo l . N eve rthe l e s s , th i s  index s h ows that  the mo re c ommon 
r e d  fl owe re d p l ant s are l e s s  frequent l y  vi s i t e d  and are , 
the r e fore , l e s s  a t t r ac t i ve than the r ar e  wh i t e , purp l e  and 
fl e s h - c o l o r e d  fl owe r  t yp e s .  
Re s ul t s : F l owe r Type P r e f e r enc e o f  P o t en t i a l  P o l l inat o r s  
From t h e  r e c o r d  o f  t h e  fl owe r type f i r s t  v i s i t e d  b y  
e ac h  s p e c i e s  and from t h e  rec ord o f  t h e  dens i ty o f  shrub s 
w i t h  var ious fl owe r type s w i th in p l o t s , i t  was po s s i b l e  t o  
c a l c ul a t e  the exp e c t e d  vi s i t at i on o f  e a ch f l ow e r  t ype  by  
t h e  p o t en t i al  p o l l in a t o r s . The  exp e c t e d  vi s i t a t i on v a l ue s  
w e r e  c alcul ate d from the p r ob ab i l i t y  t h at a f l ow e r  typ e 
wo ul d r e c e i ve a vi s i t . The s e  prob ab i l i t i e s  � e r e  c a l cu l at e d  
fro m the den s i t y o f  the fl owe r  typ e s  e ach t ime a vi s i t  
o ccur r e d  t o  a pl ot . F o r  in s t anc e , i n  a p l ot c on t aining  fcur 
re d flower e d  p l ant s and one wh i t e  f l ow e r e d  p l ant , the 
exp e c t e d  p ro b ab i l i ty that the red  fl ow e r  typ e  rec e i v e  a 
vi s i t  i s  4 / 5  and the wh i t e  fl owe r typ e  i s  1 / 5  for e very 
vi s i t  that o c curs to  that p l o t . 
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The d a t a  are pre s ent e d  i n  Appe n d i x  I I  ( T ab l e s  XXVI I 
and XXVI I I ) . A s i gn i f i c ant  re s u l t  o f  the G - t e s t  ( P = . O S ) 
in d i c at e s  that c e r t a in p o l l i na t o r  sp e c i e s  p r e fe r  c e rt a i n  
fl owe r  type s .  T ab l e s  V and V I  s h ow t h e  numb e r  o f  ob s e rve d 
vi s i t s  p e r  exp e c t e d  vi s i t .  Numb e r s  n e ar one indi c a t e  that  
t h e  o b s e rve d numb e r  o f  vi s i t s  was  ne ar the e xp e c t e d  numb e r  
o f  v i s i t s . Val u e s  gr e at e r  than o n e  i nd i c a t e  th at  a fl owe r 
type w as p r e fe rre d b y  p o l l i na t o r s , and va lue s  l e s s  th an one 
i nd i c at e  that p o l l i nat ors  we r e  not att r a c t e d  to a p a rt i cu l ar 
fl ow e r  typ e . 
Chi s quare  analys i s  o f  the c e l l s  o f  App e n d i x  I I , 
T ab l e s XXVI I and XXVI I I , a r e  p r e s e n t e d  i n + and - fo rm i n  
Tab l e  VI I .  Th i s  t ab l e  show s t re n ds i n  the at t r ac t ivene s s  
and avo i d an c e  o f  fl owe r typ e s  by i n s e ct s . Th e d at a  i n  
T ab l e  VI I s how t h a t  mo s t  ins e c t s  avo i d  the r e d  f l owe r typ e s  
o r  vi s i t the m ab out a s  exp e ct e d . S ome  purp l e  typ e s  ar e 
avo i de d  b y  mo s t  s p e c i e s ( or v i s i t e d  b y  them ab o ut as  
expe c t ed) , but o the rs a r e  p r e fe r re d .  The  wh i t e  an d fl e s h  
typ e s  gene r al ly a t t ra c t  many s p e c i e s  o f  ins e c t s  o r  t h e  d at a  
a r e  inconc lus ive o r  vi s i t at i on i s  ab out a s  exp e c t e d .  Th i s  
t ab l e  a l s o  s h ows t h at the f l ower typ e s  with the l a r ge r  
a t t r a c t ivene s s  indi c e s  ( T ab l e  IV) are  g ene ral l y  the fl ow er 
typ e s  p r e fe r r e d  b y  the p o t en t i al po l l in at o rs . 
F l o r a l  mo rph o l o gy do e s  n o t  s e e m to  p l ay a part  in 
d e t e rt1 i n i n g  p r e fe renc e o f  f l o w e r  t yp e 3  b y  p o l l ina � 0 r s . 
The red  fl owe r typ e s  have short  c o ro l l as ( App endix  I ,  
Insect 
B .  EerE1exus 
B .  vagans 
B .  a ffini s  
TAB LE V 
THE NUMB ER OF OBSERVE D VI S I T S  PE R EXPE CTED VI S I T  T O  THE FLOWER 
TYPES BY THE BUMB LEBEES 
W-2  W-3  F-1  F-2  Y-2  
2 . 04 4 . 48 0 . 75 0 . 64 0 . 2 5  
1 . 67 2 .  73 2 . 4 0  0 . 5 3 0 . 74 
2 . 1 2 2 . 00 0 . 91 0 . 80 0 . 00 
Flower �e 
P-i P-=2 476 
1 .  29 0 . 8 3  
0 . 83 0 . 1 3 
2 . 09 0 . 50 
P--3- -P-S- -R-1 
1 .  so 1 . 90 1 . 30 
0 . 1 7 1 . 6 7 1 . 5 3 
1 .  20 2 . 27 0 . 27 
B .  bimaculatus 3 . 30 3 . 30 2 . 20 o .  77  1 . 48 1 . 83 0 .  28 0 . 83 2 . 11 0 . 57 
B .  �_!!,_pat iens 2 . 30 5 . 65 2 . 27 1 .  24 1 . 82 1 . 64 0 . 41 1 .  85  1 . 1 5  0 . 32 
R-2 --R- 3  
0 . 66 0 . 92 
0 . 69 1 . 0 0  
0 . 69 1 . 09 
0 . 60 0 . 96 
0 . 53 0 . 63  
(.N 
N 
TAB LE V I  
THE NUMB E R O F  OBSE RVED VI S I TS PE R E XPECTE D V I S I T  TO  THE FLOWE R 
TYPE S BY THE OTH E R  POL L I NATORS 
I n s e c t  W- � 7� � - 1 7 2  
S i l ve r - s p o t t e d  
s k ipp e r  5 . 1 5 0 . 4 8  
Smal l B e e s  3 . 3 0 0 . 8 3  
Ve spu l a  spp . 2 . 5 0 0 . 9 3  
Oth e r 4 . 1 2  0 . 8 5 
P - 1  
3 . 3 9 
1 . 7 0 
1 .  2 0  
2 . 9 0  
F l ow e r  Tn�e 
P - 2 7il7 6 P - 37 5  
0 . 1 3 2 . 0 0  
0 . 3 6 1 .  2 7  
0 . 5 2 1 .  0 6  
0 . 0 0  1 .  6 7  
R - 1 n:- � 
0 . 2 1 0 . 4 2  
0 . 9 3 0 . 7 4 
0 . 8 1 0 . 3 1 
1 .  0 0  0 .  5 1  
R - 3  
0 . 6 0  
0 . 9 9  
1 . 1 3 
0 . 5 4 
lN 
v� 
I n s e c t  
B .  pe rp l e xu s  
B .  v�an s 
B .  a f fi n i s  
-
B .  b imacu l atus  
B .  impa t i en s  
n .  t e r r i c o l a  
S i l ve r - s p o t t e d  
s k i pp e r  
Smal l B e e s  
Ve:;pul a  s pp . 
TAB LE VI I 
FLOWE R TYPE P RE FE RENCE O F  THE POLL I NATOR S PE C I ES 
- --- -- -·-- - - - - --- � 
F l ower-_ Jype 
vr=--z W- 3- -P�1- F=-z--Y-- 2 P- 2 /470 P - 1  P - 3  P - 5  R - 1 R - 2 R - 3  
+ + + 
+ + 
? ? + + 
+ + + - + + 
+ + + - + + 
? ? ? 
? + - + 
+ - + ? 
? ? + + 
+ ind i c a t e s  a s i gn i fi c an t  ( ch i  s q u a r e )  at t r ac t i on t oward a fl ow e r  t yp e ; 
- in d i c a t e s  a s i gn i f i c ant ( ch i  s qu ar e )  ave r s i on o f  a f l owe r t yp e ; ? ind i c a t e s  a 
p o s s i b l e  at t ract i on t owa r d  a f l owe r t yp e  bu t t he e xpe c t e d  v a lu e s  w e r e  t o o  l ow t o  
l1 e s t at i s t i c a l l y  sure ; b l an k  va l ue s  i nd i c a t e  t h a t  t h e  ob s e r ve d  va l ue s  w e r e  n o t  
s i 1 :n i fi c ant l y  di ffe rent f r o m  t he exp e c t e d  va lue s .  Vl 
� 
T ab l e XXVI ) ,  b ut they d o  n o t  d i ffe rent i al ly at t r ac t  the 
short t ongu e d  bumb l eb e e s  B omb us a f fi n i s  Cr e s s on an d B .  
t e r ri c o l a  K i rb y . [ Me dl er ( 1 96 2 )  p r e s e n t s  dat a on the 
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tongu e  l engths  o f  many s p e c i e s  o f  b umb l e b e e s . ]  C onve r s e ly , 
t h e  l on ge r  t on gu e d  bumb l eb e e s , B .  vagan s  Smi th and B .  
b imacul atus C re s s on ,  and t h e  s i l ve r - s p o t t e d  s k ipp e r ,  
Epa rgyr eus c l a ru s  c l arus C r ame r ,  a r e  no t s o l e ly r e s t ri c t ed 
t o  f o r a g ing  on  the f l owe r t yp e s  w i th long  c o r o l l as . C o r o l l a  
l en g th , the re fo r e , d o e s  n o t  a f fe c t  the flowe r typ e p r e fe rence  
o f  t h e  po l l in a t o r s . 
Resul t s : Re l at i ve Ab un dan c e  o f  the Po l l ina t o r s  a s  They 
Vi s i t  the F l owe r Typ e s  
I us e d  S p e a rman r ank c o rre l a t i ons ( Sne de c o r  and 
C o c h r an 1 9 6 7 )  to d e t e rm i ne i f  the rank orde r o f  the ab undan c e  
o f  t h e  p o l l inat o r  spec i e s  t h a t  vi s i t e d  a fl owe r typ e w as 
s im i l a r  for any two f l ow e r  typ e s  ( T ab l e  VI I I ) . The re a r e  
c o r re l a t ions b e twe en s im i l a r  fl owe r typ e s  ( F l , F 2 ; P l , P 3 )  
and b e twe en d i s s i mi l a r  fl owe r typ e s  ( W 2 , Y 2 ; W 2 , R2 ; W 3 , 
P l ; W 3 , P3 ; F l , P 3 ) . One wou l d  e xp e c t that the fl owe r t yp e s  
wi th s imi l a r  morph o l o gy o r  c o l o r woul d a t t r ac t  the s ame 
s pe c i e s  of p o l l inators  in the s ame r ank o r de r .  F o r  in s t anc e , 
i f  p o t en t i a l p o l l inat o r  numb e r  2 w a s  the th i r d  mo s t  ab undant 
sp e c i e s  on fl owe r  type W - 2 ,  it should b e  the thi rd mo s t  
ab und ant s p e c i e s  on W - 3 i f  the  morpho l o gy and co l o r  o f  the  
p l an t s  influe n c e  vi s i t a t i on t o  the fl owe r t yp e s . Th i s  t e s t  
TAB LE V I I I  
S PE A�\1AN RANK CORRE LAT I ON O F  THE RE LAT I VE ABUNDANCE OF THE POL L I NATORS 
AS THEY VI S I T  THE FLOWER TYPES * 
F l owe r Type 
w - 2 
W- 3  
F - 1 
F - 2 
Y - 2 
P - 1 
P - 2 / 4 / 6  
P - 3 
P - 5  
R - 1  
R - 2  
R- 3 
F l ow e r  Ty�e 
P 3 P - S R- 1 R- 2 R- 3 _ 2 Y- 2 P - 1  P - 27 /6 -W - 2  W - 3 F - 1  F -
0 
0 0 
0 0 X 
X 0 0 0 
0 X 0 0 0 
0 0 0 0 0 0 
0 X X 0 0 X 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
X 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
* X ' s deno t e  a s i gn i f i c ant c or r e l a t i on ( P= . O S ) . 
LN 
0\ 
3 7  
ind i c at e s  tha t the morpho l o gy and c o l or o f  the fl owe r typ e s  
are n o t  imp o r t ant d e t e rm i n ant s o f  po l l inat o r  v i s i t at i o n  t o  
tho s e  fl owe r typ e s . 
I n  the next  ana lys i s  I a l s o  us e d  the S p e a rman r ank 
c o r re l a t i on .  I t e s t e d  fo r c o rr e l at i on s , in  a p a i r by p a i r 
manne r ,  the  r ank o rde r o f  the f l owe r v i s i t in g  p r e fe renc e s  
o f  the b umb l e b e e  and s i l ve r - s p ot t e d  s ki pper indi v i du a l s 
that f o r a g e d  fo r n e ct a r  ( T ab l e I X) . I f  the po l l i n a t o r s ' 
t on gue l engths and the c o r o l l a  tub e l e n gth a ffe c t  the 
f l ow e r  typ e  p r e f e r ence of the p o l l ina t o rs , then the rank 
o r de r  o f  the fl owe r typ e  p r e ferenc e s  o f  the l on g - t on gue d 
p o l l in a t o r s  shou l d  not b e  c o r re l at e d  w i th that o f  the s h or t ­
tongue d p o l l in at o rs . A l on g - t on gued p o t ent i a l  p o l l in a t o r  
may h e av i l y  vi s i t the fl owe r typ e s  w i th long  c o ro l l as b u t  
o n e  woul d not exp e c t  the sho rt - t on gue d bumb l eb e e s  t o  vi s i t 
the s e  fl owe r typ e s  b e c au s e  they may b e  e xc lu d e d  fro m the 
ne c t ar r e s ourc e . 
The f l owe r  v i s i t in g  p re fe r enc e s  o f  the two long ­
t on gued bumb l e b e e s , �· va g ans and � · b imacu l atu s , an d one 
s ho rt - t on gu e d  bumb l eb e e , B .  a ffin i s , are corr e l at e d . The 
fl owe r vi s i t in g  p r e fe renc e s  o f  B .  a f fi n i s are al s o  c or ­
r e l a t e d  with the fl owe r vi s i t i ng p re fe r enc e s  o f  B .  imp at i e ns 
( me d ium- tongue d )  and the s i lve r - s po t t e d  sk i pp e r . The t on gu e  
l en gth o f  the b umb l eb e e s  do e s  n o t  s e em t o  i n f lu enc e the i r  
fl owe r vi s i t ing  pre fe renc e . 
TAB LE I X  
S PEARlvfAN RANK CORRE LAT I ON OF THE FLOWER VI S I T I N G  P RE FE RENCES 
OF THE POLL I NATO RS *  
Insect R .  Eerplexus B .  vagans B .  affinis 
�· �)lexus 
B.  vagans 0 
B .  affinis 0 X 
n .  b imaculatus 0 X X 
-
B .  imEatiens X X X 
Silver -spotted 
skipper 0 0 X 
*X denotes a significant correlation (P= . O S) . 
B .  b imaculatus 
0 
0 
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D i s cus s i on 
The re i s  a d i s t inct  d i f fe r e n c e  in  the at t r ac t iven e s s 
o f  t h e  fl ow e r  typ e s  t o  the p o t ent i al po l l inat o r s . The rare  
fl owe r typ e s  are h i gh ly at t r ac t i ve to  the p o l l i n a t o r s  in 
c omp ar i s on to  the mor e c ommon red fl ow e r type s .  Mo rpho l o g i ­
c a l  charac t e r i s t i c s  o f  the p o l l i n at o rs  and fl owe r typ e s  d o  
n o t  a f fe ct the f l owe r typ e  p r e fe rence  o f  the p o l l inat ors  
( T ab l e s  VI I ,  VI I I , and I X) . Long - t on gu e d  b umb l eb e e s  an d 
b ut t e r fl i e s  d i d  n o t  exc l us i v e l y  vi s i t  t h e  fl owe r t yp e s  w i t h  
l on g  c o r o l l as , nor d i d t h e  s h o r t - t on gue d b umb l eb e e s  exc l� ­
s iv e l y  v i s i t  the f l owe r s  w i th sho r t  c or o l l a s . 
The s h o rt - t on gu e d  bumb l eb e e s  are  o ft e n  e x c luded f r om 
t h e  n e c t ar r e s ource  o f  f l ow e r s  th a t  h av e  l ong  c o r o l l a  tub e s . 
The s e  bumb l eb e e s  o ften r e s o r t  t o  n e c t a r - rob b in g ( a  p r o c e s s  
whe reby a fl owe r vi s i t o r  b i t e s  a h o l e  i n  the co ro l l a  tub e  
and t ak e s  the n e c t a r  w i thout  e ffe ct i n g  p o l l i n at i on)  to  
a c qu i r e  nec t ar from f l ow e r s  w i th long  c o ro l l as . Very l i t t l e  
n e c t ar r obb i n g  w a s  ob s e rve d amon g t h e  G re go ry B a l d  a z a l e as 
in  c ont r as t  t o  the c l os e l y r e l a t e d  p inx t e r - fl owe r in  wh i c h 
almos t every f l ower  in  two p opul a t i ons ob s e rve d had  b e e n  
ne c t a r - rob b e d . T h e  re a s on th at ne c t ar - r ob b in g  i s  n o t  m o r e  
p revalent  o n  G r e g o ry B al d  may b e  t h at t h e  t ou gh e r  c o r o l l a  
o f  many o f  the fl owe r typ e s  i s  more  d i f f i cu l t  t o  b i te 
through than the c o ro l l a of p inxt e r - fl ower . The  s h ort ­
t on g�ed bumb l eb e e s  may no t h a v e b e en e x c lude d fr om the n e c t a r  
re s o ur c e  o n  Gr e go ry B al d , and i t  may n o t  b e  ene r g e t i c al ly 
p r o f i t ab l e  t o  rob ne c t a r  i f  ne c t a r  i s  ava i l ab l e  w i t h out 
e xp end ing unn e c e s s ary t ime and ene r gy .  
One r e as on that r e l at e d f l ow e r  typ e s  are n o t  c o r ­
r e l a t e d  i s  b e c ause  the b umb l eb ee s p e c i e s  and s ome o f  the 
f l owe r typ e s  are l oc a l ly abundant on d i f fer ent a re as o f  
the b al d .  S o me o f  the flowe r  type s  t end t o  ag g r e gate  i n  
c lump e d  d i s p e r s i on pat t e rn s  and the bumb l eb e e s  may b e  
mo re nume r ous  ne ar the i r  n e s t  th an far from the i r  ne s t . 
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A p art i cul ar fl ow e r  typ e may r e c e i ve many vi s i t s  from a 
c e rt a i n  bumb l e b e e  s pe c i e s  b e c ause  b o th are ab un dant in the 
s ame a re a .  
Althou gh the re are d i f fe renc e s  i n  the mo rpho l o gy o f  
the f l ower typ e s  ( co r o l l a  tub e  l e ngth)  and the p o l l in at o r s  
( t on gu e  lengt h )  , the s e  d i f fe renc e s  d o  n o t  s e em t o  a f fe c t  
the f l owe r typ e p r e fe rence o f  the p o l l inat ors . The next 
s e ct i on di s c us s e s  the b eh a v i o r  of  the b umb l eb e e s  wh i l e  
fo ra g i n g  fo r ne c t ar o r  p o l len . Th e p o l l en o r  n e c t a r  p r e fe r ­
enc e o f  a b umb l eb e e  may a ffe c t  i t s  fl owe r  typ e p r e fe renc e . 
VI I .  THE BEHAVI OR O F  B UMB LE B E E S  FORA G I N G  FOR 
NECTAR O R  POLLEN 
Me thods  
The  bumb l e b e e s  fo r a g e d  fo r b oth p o l l en an d n e c t ar 
whi l e  vi s i t ing the aza l e a  f l owe rs . I e x am i n e d  the p o l l e n 
o r  n e c t a r  fo r a g i n g  p re fe rence  o f  the s p ec i e s  o f  B ombus and 
Andrena as they vi s i t ed aza l e a  p l an t s  i n  s e l e c t e d p l o t s . 
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I al s o  examined the att ract i on mod e s  o f  the a z a l e as ( p o l l en 
o r  n e c t ar)  t o  de t e rmine i f  one was more i mp o rt ant than 
anothe r for a t t r a c t ing b umb l eb e e s . F o r  ana l y s i s , the s e  
dat a we re a r r an g e d  as the t o t a l  numb e r  o f  vi s i t s  t o  a 
flowe r typ e  for po l l en or ne c t a r  b y  a b umb l eb e e  s p e c i e s . 
The d a t a  w e r e  ana l y z e d  b y  f l owe r t yp e  ( t o de t e rm ine  whe the r  
po l l e n  o r  n e c t ar w a s  the mor e  imp o r t ant at t ra c t an t )  and b y  
b e e  s p e c i e s  ( to de t e rmine i f  the bumb l e b e es o r  Andr ena 
showed a p r e fe rence for p o l l e n  or ne c t ar) . Wi l c ox on ' s  
two - s amp l e  t e s t  ( S ok al and Roh l f  1 9 6 9 )  was  u s e d  t o  an al y z e  
the dat a at P = . O S . 
A t ime r e c or d  was  a l s o  kept  o f  p o l l in a t o r  a c t i v i ty 
and I made c omp ar i s ons o f  the numb e r  o f  s ec o n ds that  the 
b umb l e b e e s  s p e nt on a p l ant c o l l e ct in g  p o l l e n  or  ne c t a r . 
I al s o  us e d  W i l coxon ' s  two - s amp l e  t es t  t o  ana l y z e thos e 
d a t a  ( P = . O S ) . 
Re s u l t s  and D i s cu s s i on : At t r act i vene s s  o f  Po l l en or N e c t ar 
Altho ugh the bumb l eb e e s c ol l e c t e d  b o th p o l l en and 
ne c t ar from the a z a l e as , they we r e  usual ly c on s t ant to 
e i th e r  p o l l e n  or ne ct ar du ring  the s ame for a g i n g  t ri p . The 
numb e r  o f  b umb l eb e e  vi s i t s  fo r p o l l e n  is not s i gn i fic ant ly 
d i f fe rent from tho s e  for ne c t a r  w i t h in a fl owe r typ e 
(W i l c ox on ' s two - s amp l e  t e s t , P = . O S ) . The fl owe r typ e s do 
not d i f fe r  in t h i s re s p e c t . T ab l e  X summar i z e s the dat a . 
Th e d i f fe r enc e in the a t t r a c t ivene s s  o f  the f l owe r typ e s  i s  
TAB LE X 
THE NUMB E R  OF VI S I TS FOR P OLLEN O R  NE CTAR T O  THE 
FLOWER TYPES BY THE B UMB LEB EE S PE C I E S * 
Numb e r  o f  V i s i t s  For 
F l ow e r Type Poiie n  Ne c ta r  
W - 3 2 5  2 0  
W - 2  1 0  2 0  
Y - 2  4 4 
F - 1  6 1 4  
F - 2  3 9  3 4  
P - 1  4 0  5 1  
P - 2 / 4 /6 7 5 
P - 3  26 1 3  
P - 5  1 8  1 3 
R- 1 1 9  3 4  
R - 2 26 4 8  
R- 3 7 3  9 7  
T o t al  2 9 3  3 5 3 
* B o th un i dent i fi e d  and i dent i fi e d  bumb l eb e e  
s p e c i e s  w e r e  us e d  i n  t h i s  an a l ys i s . 
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not  r e l ate d t o  a d i f f e r e n c e  i n  the at t ract i v en e s s  o f  p o l l en 
o r  ne c t ar t o  the p o l l in a t o r s . 
S ome o f  the po l l inat o r  sp e c i e s , howe ve r ,  do vary in  
the i r  fo r a g i n g ; B .  va gan s  and An drena for a g e  f o r  n e c t a r 
mo re o ft en than for po l l en an d B .  t e r r i c o l a  an d B .  a f f in i s  
fo r a g e  mo re freque n t ly fo r p o l l e n  ( W i l c oxon ' s  two - s amp l e  
t e s t , P = . O S ) . T ab l e  X I  s umma r i z e s th e s e  dat a . B ombu s 
a f f in i s and B .  t e r r ic o l a  a r e  b o th s h o r t - t on gue d bumb l e b e e s , 
and they  may b e  e x c l ud e d from the ne ct ar re s our c e  b e caus e 
the i r  tongue s a re not l on g  enough . The s e  two s p e c i e s  d o  
not , h oweve r , forage  fo r ne c t ar m o r e  o f t e n  o n  t h e  fl ow e r  
typ e s w i th the sho r t e r  c or o l l as . The to ngu e  l ength may 
af fe c t  fo r a g i n g  p r e fe rence  for p o l l e n o r  ne c t a r  b ut it d o e s  
not a ffect  f l owe r typ e pre fe renc e . The p o l l en o r  n e c t a r  
for a g i n g  p re fe renc e o f  a bumb leb e e  spe c i e s  may a l s o  b e  a 
func t i on o f  t h e  t iming o f  t h e  repr oduct ive cyc l e . Bumb l e b e e s  
that  are memb e rs o f  a ne s t  that c on t a ins many l a rvae may 
fo r a ge for po l l en mor e o ft e n  than ne ct a r . 
Re s u l t s  an d D i s cus s i on : D i f fe r en c e  in  the Amount o f  T ime 
Spent F o r a g i n g  f o r  P o l l e n or N e c t ar 
To d e t e rmine i f  the r e  is  a di f fe rence in  the amount 
of t ime the bumb l eb e e s  s p en d  fo r a g in g  for n e c t ar an d p o l l en 
( int r a - and i nt e r s p e c i f i c  di f fe renc e s ) , W i l c o xon ' s  two - s amp l e  
t e s t  was u s e d  t o  compare the p o l l en and n e c t a r  for a ging 
b eh av i o r  o f  the bumb l e b e e  s p ec i e s  ( T ab l e s  X I I  an d X I I I ) . 
TAB LE XI 
POL L INATOR FORAGI N G P RE FE RENCE 
Numb e r  o f  Vi s i t s  F o r  
P o l l i n at o r  Poi I en N e c t ar 
B .  perpl exus 6 1  1 1 3  
B .  v a g an s *  1 4  8 9  
B .  a f fi n i s * s o  1 5  
B .  b imacul atus 4 8  5 9  
B .  i mn at i ens 9 2  5 9  
B .  t e rr i co l a * 1 3  4 
And r en a *  5 3 6  
*De not e s  a s t a t i s t i c al d i fference  i n  the 
numb e r  of for a g e r s  for ne c t ar or po l l en ( W i l c oxon ' s  
Two - S amp l e  T e s t , P = . O S ) . 
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Number 
TAB LE X I I 
A COMPARI SON OF THE T I ME S PENT BY EACH S PE C I ES OF B UMB LEBEE F ORAG I N G  FOR 
POLLEN , NE CTAR O R  B OTH POLLEN AN D NE CTAR 
Species 
Bombus 1rnpat1ens Bombus Eerplexus Bom6us 61maculatus BomEus va�ans Bom6us a£hn1s 
Ba p N N B p N B p N p B N p B 
observed ( 12) (36) (72) (87) (4) ( 38)  ( 51)  ( 11) (52)  ( 53) (9) (0) ( 13) ( 51) (4) 
Timeb 8 6 . 4  6 1 . 6 58 . 2  80 . 0  69 . 5  29 . 4  77 . 4  64 . 5  3 5 . 7  94 . 7  12 . 1  00 89 . 5  6 2 . 6  6 0 . 3  
c 
UN = nectar forager , P = pollen forager , B = nectar and pollen forager . 
bTiine ( in seconds) is the average value of the length of t ime each species spent foraging on a 
pl ant . 
CAny pair of means underlined by a s ingle l ine is not significantly different (Wilcoxon ' s  two 





TAB LE X I I I  
I NTE RS PEC I F I C  COMPAR I S ON OF THE AVERAGE T I ME BUMB LEBEES S PENT C OLLE CT I N G  
POLLEN , NE CTAR O R  P OLLEN AN D NE CTARa 
Pollen Nectar Pollen and Nectar 
Ba Bi  Bt Bbm Bv Bp Bv Ba Bp Bbm B i  Bi  Bp Bbm Ba 
observed ( 51) ( 36) ( 8) (52) (9) ( 38) ( 53) ( 13) ( 87)  ( 51) ( 72) ( 1 2) ( 4) ( 1 1) (4) 
Timea 6 2 . 6  6 1 . 6  38 . 8  35 . 8  12 . 1  29 . 4  94 . 7  8 9 . 5  80 . 0  7 7 . 4 58 . 2  8 6 . 4  6 9 . 5  6 4 . 5 60 . 3  
b 
arime ( in seconds) is the average value of the length of time ead1 species spent foraging on a 
plant . 
bAny pair of m�ans underlined by a single l ine is not s ignificantly different (Wilcoxon 1 s two 
sample test , p: , 05) . 
.j::. 
0\ 
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Bomb us vagans and � · b imacul a tus , b o th l ong - t ongue d , B .  
pe rp l exus and B .  a ff in is , a m e d iu� - t on gue d and a s ho rt ­
t ongu e d , re s p ec t i ve ly , a l l  s p ent a l on g e r  t ime c o l l e ct ing  
n e c t ar than p o l l en on a p l ant . I t  s e e ms unl ik e l y  tha t 
the r e  i s  a r e l at ionship  b e twe en the l en gt h  o f  a bumb leb e e ' s  
t on gu e  and the l ength o f  t ime i t  sp ends for a g i n g  for nec t ar 
o r  p o l l en on a p a rt icu l a r  p l ant . I t  fur the r s e ems unl i k e ly 
that a p o l l i n at o r ' s  fo r a gi n g  pre ference  ( p o l l en or ne c t ar)  
a ffe c t s  the l ength of  t ime th at a p o l l inat o r  s p end s c o l ­
l e c t i n g  p ol l en o r  n e c t ar . B ombus vagans and B .  p e rp l exus 
b o th s p ent mo r e  t ime c o l l e ct ing  ne c t ar than po l l en .  B .  
vagans i s  a mo re frequent c o l l e c t o r  o f  ne ct ar than po l l en 
wh i l e  B .  perpl exus i s  n o t . B ombu s  a ffin i s  c ol l e c t s  po l l en 
mor e  o ft en than ne c t ar yet  s he w i l l  s p end a l on g e r  t ime  
co l l e c t ing n e c t a r  than p o l l e n  on an  ind iv idual p l ant . 
The s e  t ime di fferenc e s  may b e  an adap t at i on to  r e duc e 
a g oni s t i c  c omp e t i t i on b e twe en the s p e c i e s  o f  b umb l eb e e s . 
The l e s s  t ime  an indiv i dual bumb l eb e e  sp ends on a p l ant , 
t h e  l e s s  chan c e  that an enc oun t e r  wi l l  o c cur w i t h  an 
ind ivi du a l  o f  ano the r s p e c i e s . Ago n i s t i c  enc o un t e r s  we re 
ob s e rved b e twe en the s e  b umb l eb e e  s p e c i e s , b ut they were rare  
occurrenc e s . 
I n  the next s e c t ion I d i s cu s s  t h e  e ffe ct  o f  t ime an d 
t e mp e rature on po l l inat o r  ac t iv i t y . 
VI I I . THE E F FE CT O F  T I ME AND TEMPE RATURE ON 
POLLI NATOR ACT I V I TY 
Me tho d s  
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C e rt a i n  p o l l inato rs a re only a c t i ve dur in g s p e c i fi e d  
t i me s . Th i s  app l i e s  t o  h awkmo ths ( Gre go ry 1 96 3 , H o d ge s 
1 9 7 1 )  and b e e s  ( L ins l ey 1 9 5 8 , Lins l e y  and C a z i e r  1 96 3 , 
L ins l e y , MacSwain and Rave n , 1 96 3 , 1 96 4 ) . At the b e ginn i n g  
o f  e ach p l o t  s amp l ing  p e r io d , I r e c o rd e d  t h e  t ime an d 
t emp e ra ture . I us e d . r e g re s s i on analys i s  an d ch i s qua re 
an alys i s  to d e t e rmine  i f  the numb e r  o f  i n s e c t  vi s i to rs t o  
a p l o t  var i e d  w i t h  t ime o f  d ay o r  t e mp e r atur e . Re gr e s s i on 
anal ys i s  and ch i s quare analys i s  w e r e  us e d  t o  an a l y z e the 
bumb l e b e e  data but onl y  chi  s quare ana ly s i s  was  us e d  on t h e  
othe r ins e c t  vi s i t o rs b e c aus e o f  a smal l e r  s amp l e  s i z e . 
Th e dat a from a l l  the  p l o t s  w e re surnmed t o ge th e r t o  g e t  a 
l a rg e  s amp l e  s i z e . Two r e gr e s s i on l in e s  were  ca l c u l a t e d  
fo r t h e  bumb l e b e e s : a mo rn i n g  re g r e s s i on , 8 : 0 0 - 1 4 : 0 0 hours ; 
an d an a ft e rn o on r e gr e s s i on 1 4 : 0 1 - 2 1 : 0 0  h ours . 
The ma them at i c a l  mode l for th e r e g re s s i on l in e s  i s  
s pe c i fi e d  b y  the fo l l ow i n g  e qu at i on : 
Y = B 1 T ime + B z T emp e r ature + A + E wh e r e  
E i s  a random no rmal var i ab l e  ( n o t  s h own in my e quat i on s )  
an d A i s  t h e  Y - int e r c e p t  wh i ch d e t e rmin e s  t h e  p o s i t i on o f  
the r e gr e s s i o n  l in e . B 1 me asures  the exp e c t e d  change in  Y 
fo r a change in T i me , T e mp e ratur e rema in i n g  c o n s t ant . 
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B z me as ur e s  a ch an g e  in  Y f o r  any chan g e  in  T e mp e r ature , 
T ime r e maining  c on s t ant . S e p a ra t e  c h i  s quare ana l y s e s  
we r e  d one  f o r  t emp e rature anJ t i me . The po l l i n a t o r s  w e r e  
d i v i ded  int o bumb l e b e e s , s ma l l b e e s  ( And reni da e  and 
H al i ct i d ae ) , th e s i l ve r - s p o t t e d  s k i pp e r  and Ve s pu l a  
s p e c i e s . 
Re s ul t s  
The F t e s t s  fo r the mo rn i n g  r e gre s s i on ( e quat i on 1 )  
and the a ft e rnoon r e g re s s i on ( equat i o n  2 )  o f  the bumb l eb e e s  
w e r e  n o t  s i gn i fi c ant a t  the 5 %  l e ve l .  
1 )  Y = 0 . 1 6 T ime + - 0 . 6 3 T e mp e r ature + 1 1 . 6 8 .  
2 )  Y = - 1 . 9 2  T ime + - 0 . 0 2  T e mp e ratur e  + 4 2 . 3 8 .  
The ch i s qu a re ana l y s i s  i s  p r e s ented  i n  T ab l e s X I V  
and XV . The raw d a t a  fo r the s e  an alys e s  are p r e s e nt e d  i n  
App end i x  I I , T ab l e s  XXI X and XXX . The b umb l e b e e s  were  
s i gn i f i c ant ly mo r e  ab un d ant in  t h e  e arly morn i n g  and  l a t e  
a ft e rn o on and a t  l o we r  t emp e r ature s t h an expe c t e d ,  but the y 
vi s i t ed the p lo t s  l e s s  t h an exp e c t e d  dur ing  mi dd ay and at 
the h i gh e r  t emp e rature s .  The s i lve r - s p o t t e d  s k i pp e r , 
Ve spul a spp . and the sma l l  b e e s  for a g e d  du r i n g  the warme r 
t e mp e r atur e s  and duri n g  the m i d d l e  o f  the d ay . 
Di s cus s i on 
Bumb l eb e e s  are ab l e  to  r e gul a t e  the i r  thorac i c  
t e mp e rature  (He in r i ch 1 9 7 2 , H e inr i ch and Raven 1 9 7 2 ) , b ut 
the othe r ins e c t vi s i t o rs  are s o l e ly e c t o th e rm i c . Bumb l eb ee s  
TAB LE X I V  
CH I S QUARE ANALYS I S  O F  THE E FFE CT O F  T I ME O F  DAY 
ON POL L I NATOR ACT I VI TY *  
T ime  o f  D ay 
I n s e c t  S7 9 l 0 7 1I 1 27 1 2 7 3 47 5 
Bumb l e b e es 6 . 3  0 .  8 3 . 4  2 . 5 1 . 0  
( + )  ( - ) ( - ) ( + ) 
S i l ve r - sp o t t e d  4 . 1  0 .  2 1 . 5  4 . 2 0 . 0  
s k ipp e r  ( - ) ( + )  ( + ) 
Sma l l  B e e s * *  2 .  9 0 .  2 9 . 1  0 . 4  1 . 8  
( - ) ( + )  ( + )  ( + )  
Ve spul a s pp . 1 1 . 1  4 . 9  1 . 0  9 .  7 2 . 0 
( - ) ( - ) ( + )  ( + )  ( + )  
67 7 
6 . 9  
( + ) 
6 . 2  
( - ) 




7 . 0 
( - ) 
* Th e  ent r i e s  i n  the t ab l e  a re the c h i  s quare  
value s ; + i nd i c at e  a s i gn i f i c ant d e v i at i on gre a t e r  than 
exp e c t e d ; - i nd i c at e s  a s i gn i fic ant devi at i on l e s s  t h an 
e xp e ct e d ; b l ank s indi c at e  no dev i at i on from exp e c t e d .  
x2 = 9 3 ; s i gn i fi c an t  at P = . O S ,  1 5  de gre e s  o f  fre e d om .  
* *An dren i d a e  and H a l i c t i d ae . 
s o  
TABLE XV 
CH I SQUARE ANALYS I S  O F  THE E F FE CT O F  TEMPE RATURE 
ON POL L I NATO R ACT I VITY*  
Insect !4 . 4-lS . j lg 
Te�erature ( °  C) 
zn . 21. 2 22 . 5  B.5 24 . 4-�7 . S 
Bumblebees 12 . 4  2 . 7  1 . 1  o . o  3 . 3  4 . 5  4 . 6  ( +) ( +) ( -) ( -) ( -) 
Silver -spotted 10 . 2  0 . 9  1 . 6  0 . 1  2 . 6  2 . 9  3 . 6  
skipper ( -) ( +) (+) ( +) 
Small Bees 7 . 4  3 . 0  0 . 0  5 . 2  0 . 3  1 . 9  0 . 2  ( -) ( -) (+) 
VesEula spp . 16 . 9  3 . 4  3 . 3  4 . 4 8 . 7  8 . 5  14 . 2  ( -) ( -) ( -) ( -) ( +) ( +) ( +) 
*The notation is the same as in Table XI I ,  page 45 . x2 
= 
128 ; significant at P= . 0 5 ,  18  degrees of freedom . 
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are al s o  ab l e  t o  fora ge a t  l owe r t emp e ratures  t h an the 
oth e r  ins e c t s  b ec aus e the y  a r e  n o t  s o l e l y d e p endent on 
amb i en t  temp e r a ture t o  b e c ome warm enou gh to b e  act i ve . 
H e i nr i ch ( 1 9 7 2 ) o b s e rve d b umb l eb e e s  fora ging  at  a t emp e r a ­
ture o f  4 °  C .  On Gre go ry B a l d  the b umb l eb e e s  b e gan the i r 
ac t iv i ty at 6 : 0 0  h ours and fo r a ge d unt i l  2 1 : 3 0 hours  on 
ni ght s that w e re l i ght . The o the r fl owe r vi s i t o r s  w e re 
n o t  a c t ive a s  e ar l y  as  the bumb l eb e e s , and they di s appe a r e d  
s o on e r  i n  the a ft e rno on . Vespu l a  spe c i e s  we r e  l e s s  ac t ive 
at lowe r temp e ratur e s  than the smal l b e e s  and the s i l ve r ­
s p o t t ed skipp e r . I n  l i ght o f  the phys i o l o gy o f  the fl owe r 
vi s i t o rs , i t  i s  l o g i c a l  that the r e gr e s s i on s  are n o t  s i g ­
n i fi c ant for  the bumb l eb e e s  and that the ch i s quare  an a l ys e s  
ind i c a t e  that the othe r p o l l inat o r s  are more  act ive at 
h i gh e r  t emp e ratu r e s  and du r i n g  the mid d l e  o f  the day . 
A re g r e s s ion o f  o th e r  envi ronment a l  var i ab l e s  b e ­
s i d e s  t ime and t empe r ature on p o l l in a t o r  ac t i vi ty mi gh t 
provide a b e t t e r  d e s c r ipt i on o f  p o l l in a t o r  ac t iv i ty . L i ght  
intens i ty , p r e sence  o r  ab s ence  of  sun s hine , wind s p e e d , 
de g r e e  o f  rain o r  mi s t  in  the a i r  and re l at ive hum i d i t y  
a r e  othe r imp or t ant environment a l  va r i ab l e s  t h a t  a f fe c t 
p o l l inat o r  act i v i t y . Al tho ugh bumb l eb e e s  p ro duce the i r  
own th o r ac i c  h e a t , the i r  act ivity i s  a f fe c t e d  b y  the abo ve 
envi ronmen t a l  var i ab l e s  an d it wou l d  b e  int e re s t i ng  t o  s e e  
i f  re gr e s s i on ac cur at e ly p re d i c t s  the i r  ac t i v i t y . A b i as 
invo l v e d  in t h i s  an alys i s  is the chan g e ab i l i ty o f  the 
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we athe r w i th in the 2 0 -minut e p l o t  s amp l i ng  p er i o d .  Ne ve r ­
the l e s s , any d e c re a s e i n  the amount o f  t i me s p ent ob s e rv i n g  
t h e  p l o t  wou l d  r e s u l t  i n  a sma l l e r  numb er o f  ins e ct 
v i s i t o rs t o  the p l o t s  an d p r ob ab ly a nons i gn i fi c ant t e s t . 
The b umb l eb e e s  vi s i t the fl ow e r s  ove r  a w i d e  ran g e  
o f  t e mp e rature s and t ime s  o f  d ay b u t  the othe r p o l l in at or s  
re s t r i c t  th e i r  a c t i v i t y  t o  the h i gh e r  t e mp e r at ur e s  and 
mid day . Ce rt ai n  p l ant sp e c i e s  r e l e a s e  p o l l en and n e c t a r  
at s pe c i fi c  t ime s o f  day o r  t emp e ratur e s , p re s umab ly i n  
r e s p on s e  t o  s e l e c t i on by  p o l l inat o rs . Th e n e x t  s e ct i on 
e xamine s the e f fe c t  o f  t i me an d t emp e ra t ure on p o l l en an d 
ne c t a r  ava i l ab i l i ty . 
I X .  THE E F FE CT OF T I ME  A�D TEMPE RATURE ON PO LLEN 
AND NE CTAR AVAI LAB I L I TY 
S ome p l an t s  a re l i mi t e d  by t ime  in the re l e as e  o f  
p o l l e n  ( Pe rc iv a l  1 9 5 5 , G r e go ry 1 9 6 3 )  and ne ct a r  (B ak e r  
1 9 6 1 , Grant and G rant , 1 9 6 5 )  and , in s ome , the ava i l ab i l i ty 
o f  p o l l en and n e c t ar i s  l im i t e d  by t emp e r ature ( Fr e e  1 9 6 8 , 
Pen fi e l d  e t  a l . 1 9 7 6  and P e rc i va l  1 9 6 5 ) . Such a me chan i s m  
wou ld  s e ve r e l y a f fe c t t h e  vi s i t at i on pat t e rn o f  the a z a l e as 
an d c ou l d  �n fluence c omp e t i t i on am on g the hyb r i d s . 
Me thod s and Re sul t s  
I c h e c k e d  the avai l ab i l i t y o f  p o l l e n  an d ne c t a r from 
the hyb r i ds ( N = 7 )  at va ri ous t i me s  and t e mp e ratur e s .  P o l l e n 
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and n e ct a r  were  ava i l ab l e at al l t ime s o f  day and n i gh t  at 
wh i ch I ch e ck e d .  N e ct ar was p r o duc e d  at n i ght . P o l len and 
ne c t a r  we re al s o  avai l ab l e  throu ghout the ran ge o f  temp e r a ­
tur e s  exp e r i en c e d  on G re go ry B a ld  ( 1 5 ° - 3 0 ° C ) . At n i ght  
the  p l an t s  a re vi s i t e d  b y  moths , and i t  i s  to  the  p l an t ' s  
ad vant age to p r e s ent i t s  p o l l en and t o  pr oduce i t s  ne c t a r 
at n i gh t  in o r d e r  t o  sus t a in n i ght t i me p o l l inat i on . The r e  
i s  n o  e ffe ct  o f  t e mp e r ature o r  t ime on the avai l ab i l i ty o f  
n e c t ar or  p o l l e n . 
None o f  the as p e c t s  o f  fl or a l  b i o l o gy and p o l l inator  
b ehavi o r  s at i s fac t o r i ly exp l ains  the  a t t ract i on o f  the 
po l l i n at o r s  t o  c e rt ain fl owe r typ e s . I n  th e ne xt s e c t i o n  I 
e x amine the re l at i onship  b e tween part i c u l a r  ne ct a r  ch a r ­
act e r i s t i c s  and t h e  at t rac t i vene s s  o f  the s e  p l ant s . 
X .  NE CTAR CHARACTE RI S T I CS 
I n  an e ffort  to d e t e rmine why c e r t ain fl owe r typ e s  
ar e mo re a t t r a c t i ve th an othe r s , I s t ud i e d  the fo l l owing  
n e c t a r  char ac t e r i s t i c s : the  ne c t ar amount ( r a t e  o f  n e c t a r  
p ro du c t ion dur i n g  2 4 - hour p e r i od s ) , the r a t e  o f  ne c t a r  
p roduc t i on fo r 2 - 5  hour p e r i ods , t h e  rat e o f  ne c t a r  p r o duc ­
t i on for f l owe rs  w i th r e c e pt ive s t i gmas ve rsus f l owers  
with s t i gmas past  re c e p t i vi ty , the su gar c oncent rat i on o f  
the n e c t ar , the p r e s en c e  o f  amino a c ids  in the ne c t ar and 
the typ e s  o f  cons t i tuent s ug a rs p re s e n t  in the n e c t a r . 
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The n e c t a r  amino  a c i ds and ne c t a r  cons t i tuent  sugars  w i l l 
b e  d i s cu s s e d  in  sub s e quent s ub s e ct i ons . 
N e c t a r  Rat e and N e c t ar Su g a r  C onc ent r a t i o n  
Methods . T o  me a s ur e  n e c t ar amount I i n s e r t e d  a 
one  mi c ro l i t e r  Mi c r o c ap� m i crop i p e t  int o the t o p  ne c t a r  
guide o f  t h e  f l owe r .  The n e ct ar i e s  a r e  l oc a t ed a t  t h e  b as e  
o f  the o va ry a t  the end o f  the c o r o l l a  tube and they are 
d i a g r amme d in Knuth ( 1 9 0 9 ) . S ome t ime s c ap i l l ary act i on was  
s u f f i c i ent to  ex t ra c t  the ne c t a r  b ut on other  o cc as i ons  
s uc t i on wa s n e c e s s ary t o  ex t ract a s a mp l e . I us e d  an E p i c  
p o ck e t  re fr a c t o me t e r ,  c a l i b r at e d  t o  t h e  re f r a c t i ve index o f  
s u c r o s e , t o  d e t e rmine the p e r c en t  b y  we i ght  o f  the s u g a r  
p r e s e n t  in t h e  n e c t a r . Nylon  s t o c k i n g  p ie ce s  we r e  us e d  t o  
c ov e r  the fl owe r s  t o  prevent the fl ow e r  vi s i t o rs from ex -
t rac t in g  the ne c t ar b e fo r e  I c ou l d  me as ure i t . 
The mo l e cu l ar we i ght o f  s uc r os e i s  twi c e that  o f  
fru c t o s e  o r  g luc o s e  and the  r e fra c t ive index o f  e qual c o n -
c ent r at i on s  o f  suc r os e i s  twi c e  that o f  g l uc o s e o r  fruc t o s e . 
The re i s  n o  e rr o r  invo l ve d  in  the d e t e rminat i on o f  t o t a l  
n e c t a r  s u g ar c on c ent r a t i on b y  pe rcent we i ght b e c aus e the  
re fr ac t i ve index and mo l e c u l ar we i ght  o f  s uc ro s e  are  twi c e  
that for g luc o s e o r  fruc t o s e . 
Res ul t s . I us e d  a ne s t e d  an al ys i s  o f  va r i an c e  t o  
an a l y z e  t he r e su l t s  in th i s  s e c t i cn unl e s s  othe rw i s e  
s p e c i fi e d .  The re i s  a s i gn i f i c ant amount o f  var i ab i l i t y 
as s o c i a t e d  w i th the amount o f  nect ar p r o duced  amo n g  the 
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fl owe r typ e s  an d days w i th i n  p l an t s  ( T ab l e XVI ) . Thi s i s  
imp o rt an t  b e c au s e  i t  i nd i c at e s  that  di ffe rent fl ow e r  typ e s  
s e cr e t e  di f fe rent amoun t s  o f  ne c t ar . The S tu d en t - New�an -
Keul s mu l t i p l e  r ange t e s t  f o r  une qu a l  s amp l e  s i z e  ( S oka l 
and Roh l f 1 9 6 9 )  was us e d  t o  d e t ermine whi c h  f l owe r typ e s  
s e cr e t e  the mo s t  ne c t ar ( T ab l e  XV I I ) . F l ow e r  t yp e  W - 1 
s e c r e t e s  more  n e c t ar t h an many o f  t h e  othe r f l owe r typ e s .  
F l owe r type F - 1  al s o  s e c r e t e s  mo re ne c t a r  t h an many o f  the 
o th e r  fl ow e r  typ e s  al tho ugh the di f fe r e n c e  i s  n o t  s t at i s t i c a l ly 
s i gn i f i c ant ( P = . O S ) . Fl owe r typ e W - 3  ( c l o s e l y  re l a t e d  t o  
W - 1 , App end i x  I )  and fl owe r typ e  F - 1  we r e  b o th a t t ract ive 
p l an t s  t o  the po l l inat o r s  ( T ab l e  I V ,  p a ge 2 9 ) , p e rhap s 
b e c au s e  o f  a l ar ge ne c t ar volume . 
I t  i s  d i f fi cu l t  t o  exp l a i n  the d i f fe r en c e  among d ay s  
in the amoun t o f  n e c t ar s e c r e t e d . D i f fe r ent f l owe rs we r e  
us e d  o n  d i f fe rent days a s  the fl owe r s  a ge d  and we r e  rep l ac e d . 
Ne c t ar produc t i on may vary w i t h  the age  o f  the fl owe r o r  
d i ffe rent fl ow e rs on t h e  s ame p l an t  may pr o duce d i f fe r en t  
amoun t s  o f  n e c t ar . T h e  we athe r ,  e s p e c i a l l y  t e mp e r atur e , 
may h ave a f fe c t e d  the rat e o f  ne c t ar p r oduc t i on .  Th e amount 
o f  n e c t ar co l l e ct e d  dur ing  w arm p e r i o ds  may b e  g r e a t e r  than 
that c o l l e c t e d  durin g c o l d  p e r i o ds . Many p l ant s a l s o  p e ak 
in n e c t a r  p r o duct ion dur ing c e rt a i n  t ime s o f  the d ay 
( F a e g r i  an d van d e r  P i j l 1 9 7 1 ) . I was unab l e  t o  de t e rmine 
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TAB LE XVI 
NE STED ANAL Y S I S  OF VARI AN CE : AMOUNT OF NE CTAR 
Ad- Signif-
Source of Sum o f  Mean F jus ted F icance 
Variation Squares df Squares Tes.r rvfi"rl' Test* P= . OS 
Flower types 190 6 32 5 X 
Plants within 
flower types 81  13 6 . 2  6 . 3  1 . 0 
Days within 
plants 472  70  6 . 7  2 6 . 8  X 
Within days 6 8 2  2 37 3 
*See Sokal and Rohlf ( 1969) for the calculation of the F tests . 
**Mean squares were adj usted to compensate for tmequal sample 
size . 
TAB LE XVI I 
MEAN S E PARAT I ON : AMOUNT O F  NE CTAR I N  F L OWE R TYPE S *  
F l owe r TyEe 
F l ower Typ e W- 1  P - Z  � - I 1{- j !5 - l It - 1  P - 2 
Me an ne c t ar 
volume ( 1-l l )  3 . 7 3 3 . 0 7  2 . 7 9  1 . 9 8  1 .  6 5 1 .  6 4  1 .  6 2  
*Means und e r l ine d w i th the s ame c ont inuou s l i ne 
are n o t  s i gn i fi c an t l y  d i f fe r ent at the 5 %  l e ve l . 
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i f  s uch a p e r i od i c ity o f  ne c t ar fl ow e xi s t s  1n the s e  
Rho d o dendron hyb r ids . A l l  o f  the s e  fac t o rs may have c on ­
tr ibut e d  t o  the variab i l i t y  i n  my r e s ul t s . 
The fl ow e r  type s d i d  not  d i f f e r  w i t h  r e s p e c t  t o  t h e  
rat e o f  nec t ar p r oduc e d  d u r i n g  t ime p e r i ods  two t o  five 
hours l ong  ( T ab l e  XVI I I ) . Th i s  i s  imp o rt ant b e caus e a 
pe rc e p t ib l e  d i f fe renc e in t h e  amount o f  ne c t ar s e cr e t e d  in 
short t ime s p ans mi ght in f luence  p o l l inat o r  vi s i t a t i on .  
Mo s t  o f  the fl owers  not enc l os e d  by ny l on s t o c k ings  con ­
ta ined no ne c t ar .  A rap i d  r ep l ac ement o f  d ep l e t e d  ne c t a r  
supp l i e s may b e  adapt ive fo r at t ra c t ing  l a r g e  numb e rs o f  
po l l ina t or s . 
The r e  w e r e  day t o  day d i fferenc e s  in s ing l e  p l an t s  
j u s t a s  the re wa s w i t h  nec t ar p r o duc t i o n  du r in g  2 4  hour 
p e r i od s . The s ame fact o r s  a r e  p rob ab ly r e s p on s ib l e  for 
the s e  d i ffe renc e s  in b o t h  c a s e s . 
I analy z e d  the r a t e  o f  ne c t a r  p ro duc t i on ( N = 7 2 )  and 
n e c t ar amount (N= 2 8 )  fo r fl owe rs  that had r e c e p t ive s t i gmas 
and s t i gma s p a s t  recep t i vi t y . The re was n o  d i ffe rence 
( P = . O S ) in the  nec tar amoun t  ( ne s t e d  analys i s  o f  va r i an c e )  
and in t h e  r a t e  o f  n e c t a r  p ro duc t i on ( one w ay ana lys i s  o f  
va r i an c e )  f o r  fl owers  w i th r e c ep t iv e  s t i gma s and s t i gmas 
p a s t  r e c ep t i vi ty . 
One woul d think that the fl owe r s  with s t i gmas p a s t  
r e c ep t ivity would p ro duc e l e s s  ne c t ar than flowers  w i th 
r e c e p t i ve s t i gmas . N ev e r t h e l e s s , the empha s i s  o f  the 
TAB LE XVI I I  
NESTED ANALYS I S  OF VARi k�CE : RATE O F  
NE CTAR P RODUCT I ON 
Ad-
Source of Sum of Mean F j us ted F 
Variation Squares df Squares Test* �£ * *  Test * 
Flower types 1 . 4 6 . 23 3 . 15 
Plants within 
flower types . 27 7 . 04 . 07 . 1 2  
Days within 
plants 5 . 9 7  18 . 33 3 . 79 . 32 
Within days 6 . 65 76 . 09 
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Signif-
icance 
P= . OS 
X 
*See Sakal and PorJ f (1969) for the calculation of the F tests . 
**�an squares were adjusted to compensate for t.mequal sample 
size . 
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s e l e c t i on pr e s sure e x e rt e d  b y  the p o l l i na t o rs  s e ems to b e  
on the product i o n  o f  many b l o s s om s  that  c on t a in ne c t a r . 
W i t h i n  a p ar t i cul a r  fl owe r type p l an t s  w i t h  few fl owe rs 
a t t r a c t e d  few p o l l inat o r s  c omp a r e d  w i th the p l ant s tha t 
p ro duc e d  many fl owe r s . Mann ing ( 1 9 5 6 )  s h owe d that b umb l e ­
b e e s  c an b e  a t t r ac t e d  t o  t h e  fo rms o f  p l an t s  from a d i s t anc e . 
An a z a l e a  p l ant w i th many flowers  c e rt a inly s t ands out mo r e  
than a n  a z a l e a  wi th few f l owers . Onc e a t t ract e d  t o  a p l ant , 
s ome o f  the p o l l i na t o rs are b ound t o  vi s i t f l owe rs  w i th r e ­
c ep t i ve s t i gmas . Th i s  feature o f  the b l o om i s  e sp e c i al l y 
imp o rt ant in a t t r a c t i n g  p o l l inat o r s  t o  the p l an t s  when th e re 
are only a few p l ants  on the b a l d  and there  a r e  few po l ­
l ina t o r s  v i s i t ing them . 
The n e c t ar sugar c onc ent rat i ons d o  no t vary amon g 
the fl owe r typ e s  b u t  th e y  do vary among the p l ant s w i t h i n  a 
fl owe r  typ e  ( T ab l e  X I X ) . The me ans o f  the sugar  c onc ent ra ­
t i ons ran g e d  from 1 0 . 8 % t o  3 0 . 0 %  among the p l ant s . The s e  
two extreme me an s are the only one s that are s i gn i f i c ant ly 
d i ffe rent fro m e ach o the r ( P = . O S , S tu dent - N ewman - K eul s 
mul t ip l e  ran ge . t e s t )  and b o th c ame from p l an t s  that a re 
almo s t  ident i c a l . N e c t a r  p roduc t i on t ends t o  b e  h i gh ly 
va r i ab l e  and the pe rcent sug ar in th e n e c t a r  ran ge d  from 7 %  
t o  7 0 %  in the s e  a z a l e a s . Rain c aught in the c o r o l l a s h ad 
l i t t l e  e f fe c t  on the ne c t a r sugar conc ent rat i on b ec au s e  
h a i rs o n  the f i l ament s and s tyl e pre ve n t e d  c ont amina t i on o f  
t h e  n e c t ar b y  wat e r  ( Le p p i k  1 9 7 4  and pe r s onal  ob s e rv a t i o n s ) . 
TAB LE X I X 
NE STED ANALYS I S  O F  VARI AN CE : PERCENT NE CTAR S U GA R  
Ad - Signif-
Source of Stnn of  Mean F jus ted F icance 
Variation Squares df Squares Test* M3** Test* P= . 05 
Flower types 826 . 5  6 137 . 8  1 . 0  
Plants within 
flower types 2 760 . 7  13  212 . 4  135 . 4  3 . 6  X 
Days within 
plants 1 5 30 . 2  24 63 . 8  . 7 59 . 3  
Within days 6992 . 9  73 95 . 8  
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*See Sakal and Rohl f (1969) for the calculation of the F tests . 
**Mean squares were calculated to compensate for unequal s ampl e  
siz e .  
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R e l a t i ve hum id i ty a ffe c t s  the conc ent rat i o n  o f  s u gars  in  
ne c t a r b e c aus e wat e r  i s  hy gro s c o p i c  ( Or t e l  1 9 4 4 , P a rk 1 9 2 9  
and Shue l 1 9 5 6 ) , but chan g e s  in the r e l at ive hum i d i ty do 
no t a f fe ct ne c t a r  s ec re t e d  int o a l on g  and narrow cor o l l a  
tub e  ( Pa rk 1 9 2 9 and P e rc ival  1 9 6 5 ) . The re was  a t endenc y  
fo r the nec t ar o f  f l ow e r s  e nc l o s e d  b y  nylon s t oc ki n g s  t o  
b e  l e s s  conc en t r a t e d  t h an the ne c t a rs o f  e xp o s e d  fl owe r s . 
Th i s  mi ght b e  a re s u� t o f  humi dity d i ffer enc e s  b e twe en 
encl o s e d  and e xp o s e d  f l owe r s . Or t e l  ( 1 9 4 6 )  r e p o r t e d  that 
the s u g a r  c onc ent r at i on in ne c t ar ext r ac t e d  f ro m  a l fal fa 
grow i n g  in c ond i t i o ns o f  cons t ant humid i t y  va r i e d  fr om 1 1 %  
to  3 8 % . H e inr i ch ' s  ( 1 9 7 6 b ) , O r t e l ' s  ( 1 9 4 4 , 1 9 4 6 ) , and my 
dat a indic at e that  ne c t a r  vo lume and s ug ar conc ent rat i on 
a re h i ghly var i ab l e  w i t h i n  a s p e c i e s . 
The amount o f  ne c t ar s u ga r  in  the fl ow e r s  w a s  c a l ­
cu l a t e d  b y  mul t ip lying the p e rc ent ne c t ar su g a r  t ime s the 
ne c t a r vo l ume . The at t ra c t i vene s s  o f  ind i v idual p l ant s t o  
b umb l e b e e s  i s  c o rre l at e d  t o  the mi c r o g r ams o f  ne c t a r  s u g a r  
p r o duc e d  b y  the p l ant s ( S p e a rman rank c o rr e l at i on , P= . O S ,  
T ab l e  XX) . The  a t t ract ivene s s  was  c al cul a t e d  by d i vi ding  
t h e  numb e r  o f  vi s i t s  by bumb l eb e e s  t o  a p l ant b y  t h e  numb e r  
o f  t i me s t h e  p l ant was ob s e rve d fo r vi s i t o r s . I a l s o  t e s t e d  
fo r a c o r r e l at i on b e tw e en the  a t t r a c t ivene s s  o f  t h e  flowe r 
typ e s  and the  mi c r og r ams o f  sugar a fl owe r typ e  p roduc e d .  
Th i s  t e s t  was  no t s i gni fic ant ( P = . 0 5 ) , l a rg e l y  b e c au s e  t h e  
l e a s t  attract ive fl ow e r  typ e ( R - 2 / 3 ) p r o du c e d  t h e  mo s t  
TAB LE XX 
S PEARMAN RA1'iK C O RRE LAT I ON B E TWE EN THE ATT RAC T I VENE SS 
TO BUMB LEBEES O F  I N DI VI DUAL P LANT S AND MI C ROGRAMS 
OF NE CTAR SUGAR* 
Rank o f  
At t r a c t ivene s s  Hi c r o g rarns o f  
F l owe r Typ e P l ant to Burnb l  eb e e s  N e c t a r  Sugar 
F - 2  X I V - 1  1 1 . 1 5 
P - 1  X I I - 1 2 0 . 7 9 
P - 1  X I I I - 3 3 0 . 5 3 
F - 1  X I I I - 1 4 0 . 7 1 
P - 2  X I I I - 2 5 1 . 6 3 
R - 1  X I V - 4 6 0 . 4 1 
F - 2  X I I - 3  7 0 . 4 0  
R - 3 X I I - x 8 1 . 0 3  
P - 2  X I I - 2 9 0 . 3 0 
P - 2  X I I - 7  1 0  0 . 2 0 
F - 2 X I I - 6 1 1  0 . 4 9 
*The c o rr e l at ion i s  s i gni fic ant ; rs = . 6 2 7 , 
P = . 0 5 .  
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s u g a r  and b e c aus e o f  the smal l s amp l e  s i z e  ( T ab l e  XXI ) . 
Al though th i s  r e s u l t  i s  not  s t a t i s t ic a l ly s i gn i f i c ant , 
t h e re i s  a tendency fo r the po l l inat o r s  t o  f o r a g e  on p l an t s  
t h a t  a re t h e  r i che s t  ene r ge t i cal l y . Th i s  i s  a n  imp o r t ant 
find ing  and c o r ro b o rat e s  the wo rk o f  o t he r p o l l i nat i on 
e c o l o g i s t s  ( Fa e gr i  and van d e r  ? i j l 1 9 7 1 , P ro ct o r  and Y e o  
1 9 7 2 ) . 
N e c t a r  Ami n o  Ac i ds 
B ake r and B ak e r  ( 1 9 7 3 ) and Wat t e t  a l . ( 1 9 7 4 )  d i s ­
cus s e d  the imp o rt an c e  o f  ne c t ar ami no a c i ds fo r b ut t e r fly 
p o l l inat o r s . T h e  fl o r a l  morph o l o gy o f  Rho do dendron spp . 
s u g g e s t e d  t o  Pe rc i va l  ( 1 9 6 5 )  that they a re p o l l i n a t e d  b y  
b umb l eb e e s  o r  b utt e r fl i e s . S inc e t h e  fl owe r m o rph ol o gy o f  
t h e  hyb r i d  a z a l e as o f  th i s  s tudy va r i e d  w i d e ly , I r e a s one d 
that b utt e r fl i e s  m i ght  b e  e f fe c t i ve p o l l i na t o r s  o f  c e rt a in 
fl owe r type s .  
Metho ds . I s p o t t e d  the ne c t a r  s amp l e s  ont o  a p i e c e 
o f  Wh atman chromato graphy p ap e r  in the f i e l d . I n  the l ab ­
orat ory I s p r aye d them w i t h  n inhydr in and d r i e d  them for  
t e n  minut e s  in an  o ven at 1 0 0 ° C .  I che cke d 1 7  d i f fe rent 
p l an t s  and s i x d i f fe r ent f l owe r typ e s  ( W l , F Z , P l , P 2 , Rl , 
RZ ) fo r the p re s enc e o r  ab s en c e  o f  amino ac ids . 
Re sul t s . Amino ac i ds we re fo und in  a l l  p l ants 
e x am i ne d  and b utt e r fl i e s  d i d  not s e em to b e  imp o r t ant 
TAB LE XXI 
S PEARMA.1\.l RANK C ORRE LAT I ON BETWEEN THE ATTRACT I VENESS  
TO BUMB LEBEES OF F L OWER TY PES AND MI CROG RAMS 
OF NE CTAR SU GAR* 
Rank o f  
At t ra c t i vene s s  Mi c r o gr ams o f  
F l ow e r Typ e t o  Bumb l eb e e s  N e c t a r  Sugar  
F - 1  1 . 7 1 
P - 1  2 . 7 9 
W * *  3 . 7 6 
F - 2 4 . 6 8  
P - 2 / 4 / 6  5 . 6 1 
R - 1  6 . 3 8  
R - 2 / 3  7 1 . 1 9 
*Th e  c o r r e l at i on i s  n o t  s i gni fi cant ; r s = . 1 4 ,  
P = . 0 5 .  
* * At t r a c t ivene s s  va l u e s  w e re c al cul at e d  fo r W - 2 
an d W - 3 , b ut ne c t ar was c o l l e c t � d only from W - 1 , a re ­
l a t e d  f l owe r typ e . 
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po l l inators  o f  any one fl owe r type . There we re s o me fl owe r 
typ e s  that w e r e  a t t r ac t iv e  t o  the s i l ve r - spo t t e d  s k ipp e r  
( He s p e r i i da e ) , b ut the s e  p l ants  w e r e  a l s o a t t r ac t ive  t o  
the bumb l eb e e s  ( T ab l e  VI , p a g e  3 3 ) . The re d o e s  not  s e em 
t o  b e  any p a rt i c u l a r  c o r r e l at ion b e twe en the  p r e s ence  o f  
amino ac i d s  in a fl ow e r  t yp e  an d but t e r fl y  vi s i t at i on t o  
th at fl owe r typ e . 
N e c t a r  C on s t i tuent Sugars 
Methods . Wyk e s  ( 1 9 5 2 )  d i s c o ve re d  in l ab or at ory 
s tud i e s  that  honeyb e e s  p r e ferred  s o lu t i ons c on t a ining e qu a l  
p a r t s  o f  s uc ro s e , g luc o s e  a n d  fruc t o s e  o ve r  s o l ut i ons con ­
t a ining  oth e r  comb inat i ons o f  sugars  o r  s o lut i on s  c on t a ining  
s in g l e  s ug ar s . I ana lyz e d  ne ct a r  s amp l e s  r an gi n g  in quan t i t y  
from 2 mi c r ol i t e r s  to  7 mic ro l i t e rs from 1 5  p l an t s  and s e ven 
f l ow e r  typ e s  ( W l , Pl , P 2 , Fl , F 2 , Rl , R 3 )  fo r the i r  c o ns t i ­
tuent sugars . 
A P e rk in E lme r 3 9 2 0  g as ch roma t o graph was  us e d  t o  
de t e c t  t h e  p r e s ence  o f  the nec t a r su g ars . The co lumn was 
6 fe e t  long , one - quart e r  inch out s i d e  d i ame t e r  and p ac k e d  
w i t h  chromo s o rb W ,  3 %  SE 5 2 .  T h e  n e c t a r  s amp l e s  w e r e  c o l ­
l e c t e d  in the f i e l d  and pu t into one - h a l f dram v i a l s  and 
s aved fo r l a t e r  an alys i s . The s amp l e s  had t o  b e  dry b e fo r e  
p rep arat i o n  fo r analys i s . To p r epare  the s amp l e s  fo r 
analys i s  0 . 5  ml o f  s i l y l at ing agent was add e d  d i r e c t ly t o  
t h e  v i a l . Aft e r  5 - 1 0  m inut e s  the s amp l e  was evap o r at e d  t o  
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dryne s s  and 1 ml o f  hexane  was  adde d to  the vi a l . The 
h e xane - s i l y l a t e d  sugar  mixtur e  was then fi l t e r e d  and 1 m l  
o f  hexane  was  ad d e d  t o  t h e  fi l t ra t e  and the mi x t ure was 
again fi l t e re d .  Th e mixtu re was evap o r a t e d t o  dryne s s  and 
one or two drops  o f  he xane w e re a dd e d  as a s o lvent  b e fore  
inj e c t i on into  the  gas  c h romato g raph . The  o ven t e mpe r atu re 
o f  the machine  w a s  s e t  at 1 8 0 °  C and the c a rr i e r  g a s  
( h e l i um) fl ow r at e  w a s  s e t  a t  5 0  m l  p e r  minut e . 
Re su l t s  and D i s c us s i on . Suc r o s e and fruc to s e  w e r e  
t h e  only s u g a r s  p r e s ent in t h e  ne c t a r s  o f  t h e  hyb r i ds . 
P e rc ival ( 1 96 1 ) e x amine d the c on s t i tuent sugars  in 8 8 9 
s pe c i e s  o f  p l an t s  and d i s c o ve re d that fl owe rs  w i t h  tubu l a r  
c or o l l a s  t ende d t o  have nect ars  domina t e d b y  s uc r o s e .  She 
al s o  e x amined t h e  ne ct a r  c ons t i t uent su ga rs in a numb e r  o f  
unr e l at ed Rh o d od endron s p ec i e s  and found much va r i a t ion . 
The s e  sugar  mixtu r e s  w e r e  pure s uc ro s e , pure g l uc o s e  and 
fruct o s e , or vari ous c omb ina t i ons and amount s  o f  s uc ro s e ,  
g luco s e , and fruct os e .  She  found no c o r r e l a t i on b e twe en the 
n e c t ar c ons t i tuent s ug a r s  and the a t t r ac t ivene s s  o f  the 
p l ant s to  honeyb e e s  among the pl an t s  she  ex amine d .  P r ob a b l y  
nec t a r amo unt and nect ar sugar  c onc ent r a t i o n  are mo re 
imp o r t ant fac t or s  in the  a t t rac t i o n  of p l ant s  t o  b umb l eb e e s 
und e r  fi e l d  condi t i ons than the p r e s enc e o f  c e r t a i n  cons t i ­
t uent sugars  ( F ae gri and van der  P i j l  1 9 7 1 ) . 
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D i s c us s i on o f  N e c t ar Cha ract e r i s t i c s  
Ami no a c i ds were  p re s ent i n  t h e  ne ct ar o f  a l l  the 
fl owe r typ e s  examined and the g a s  chroma t o g ram p a t t e rn o f  
t h e  c o ns t i tuent nec tar s�gar s doe s not  d i f fe r  amo n g  the 
f l owe r typ e s . S ince the s e  two ne c t a r  charac t e r i s t i c s d o  
not v a ry among t h e  fl owe r  type s , i t  i s  un l i k e ly that t h e y  
a c c o un t  for t h e  d i f fe rence in t h e  a t t r a c t ivene s s  o f  t h e  
fl owe r typ e s .  Amino a c i ds i n  fl o r a l ne c t a r  m a y  b e  he lp fu l  
f o r  game t o gene s i s  i n  s ome but t e r f l i e s ,  b ut but t e r fl i e s  w e r e  
n o t  imp o r t ant flowe r vi s i t o r s  . 
. The r e  was s i gn i fi c an t  va r i ab i l i ty in the ne c t a r  vo l ­
ume and p e rc e nt nec t ar s uga r .  Th e p l an t s  that  c ont ained  
t h e  g r e ate s t  amoun t o f  s u g a r  in  the  n e c t ar r e c e i ve d  the 
mo s t  fl ower vi s i t s . Th i s  r e s ul t  c o r rob o rat e s  H e inrich ' s  
( 1 9 7 6 a) findin gs . The ne c t a r  vo lume and pe rc ent ne ct ar 
s u g ar w e r e  the s in g l e  mo s t  imp o r t an t  fac t o r s  in  de t e rmining  
po l l ina t o r  ( s p e c i fi c a l ly bumb l eb e e )  vi s i t at i on . 
CHAPTE R I I I  
THE CON STAN CY O F  THE PO L L I NATORS TO THE FLOWE R TYPES 
The fl ow e r  cons t ancy o f  p o l l inat o rs is  empha s i z e d in 
many p ap e r s  (He in r i ch 1 9 7 5 ,  L ins l ey 1 9 5 8 , Grant 1 9 5 0 , Fre e 
1 9 6 8 , 1 9 7 0 ) . N eve r the l e s s , i f  the  dat a are e xamine d c l os e l y , 
one  not i c e s  that s ome s p e c i e s  o f  b e e s  are  qui t e  incons t ant . 
Chamb e rs ( 1 9 4 5 )  ex amined the p o l l en l o ads o f  four sp e c i e s  
o f  And r ena and found that only one o f  the s p e c i e s  was r e l a -
t i ve ly fl owe r  c o ns t ant . Th i s  c ons t ancy wa s d e t e rmine d by 
examining the s p e c i e s c omp o s i t i on o f  the po l l en l o ads o f  
the b e e s . F r e e  ( 1 9 6 8 )  examined the p o l l en l o ad s  o f  hon e y -
b e e s  a n d  fo und t h a t  2 0 %  o f  t h e  b e e s  we r e  inc ons t ant ove r a 
thre e - day p e r i o d . The b e e s  w e re more cons t ant i f  e x amin e d  
o n  a d a i l y  b as i s . I n  a s t udy o f  fl owe r vi s i t s  t o  B ras s i c a  
n anus L .  and B .  o l e r ac e a  L . , B at eman ( 1 9 5 1 )  found that 
bumb l eb e e s  we re  l e s s  fl owe r c on s t ant than h oneyb e e s  and 
that sma l l  b e e s  were  l e s s  f l owe r cons t an t  t h an b umb l eb e e s . 
Os t e r  and H e i n r i ch ( 1 9 7 6 )  d i s cus s e d  the ad ap t ive va lue o f  
a smal l amoun t  o f  f l ow e r  incons t ancy t o  bumb l eb e e s . 
Os t e r  and H e inr i ch ( 1 9 7 6 )  s t at e : 
Unl i k e  ho neyb e e s , b umb l eb e e s  frequ en t l y  s amp le  
flowe r s  o f  s e veral  p l ant  s p e c i e s  at t h e  b e g inning  
of  the i r  foraging c ar e e r , b ut ul t imate ly sp e c i a l i z e  
on a part i cu l a r  spe c i e s  ( h e r e i na ft e r  c a l l e d  the i r  
"maj o r s " )  wh i l e  cont i nu i n g  t o  o c c a s ional l y  vis i t  
al t e rnate  fl owe r s  ( h e r e inaft er  c a l l e d  the i r  
"min o r s " ) . 
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I f  the ne c t ar rewards o f  the mino r s  are gre a t e r  t h an th e 
maj o r s , the bumb l eb e e s  wi l l  s w i t ch from the i r  ma j o r s  t o  
the i r  mino r s  ( H e in r i ch 1 9 7 6 a) . The p ro c e s s  o f  minorin g  
al l ows the b e e s  t o  b e s t  exp l o i t  t h e  re s o ur c e s  ava i l ab l e to  
them ( H e in r i c h  1 9 7 6 a ,  O s t e r  and He inr i ch 1 9 7 6 ) . 
I .  METHODS 
The o r d e r  in wh i ch p o t ent i al p o l l inat or s  vi s i t e d  
fl ow e r  type s was  r e c orded  o n  s e l e c t e d  o f  the p lo t s  pre ­
vi ou s ly de s c r ib e d . S ince  few c ro s s e s  b e tween f l owe r typ e s  
oc curre d o n  the p l o t s , the fl ower  type c a t e go r i e s  we re 
c ond en s e d  in o rd e r  to  inc re a s e the exp e c t e d  value s for c h i  
s quare  ana lys e s  ( T ab l e  XXI I ) . T h e  exp e c t e d  valu e s  w e r e  
c a l cul a t ed from t h e  dens i ty o f  s h rub s o f  var i ou s f l ower 
typ e s w i th in the p l ot . Fo r ins t an c e , in a p l o t  c ont ainin g 
one wh i t e  f l owe re d ,  one purp l e  f l ow e re d , and fou r  r e d  
fl owe r e d  s h rub s , t h e  exp e c t e d  va lues  fo r a c ro s s  from t h e  
whi t e  flowe r type t o  t h e  r e d  flowe r typ e are : whi t e , 0 ( a  
p l an t  c annot  c ro s s  w i th it s e l f) ; purp l e , 1 / 5 ; r e d , 4 / 5 . 
B at em an ( 1 9 5 1) u s e d  a s imi l a r  ch i s quare de s i gn t o  ana lyz e 
the fl owe r cons t ancy o f  honeyb e e s , bumb l eb e e s  and s mal l 
b e e s  vi s i t ing  p l o t s  c ont a i n ing  B ra s s i c a  napus and B .  o l e r ac e a . 
I I . RE SULTS 
Th e g r e a t e s t  va r i ab i l i ty in my re sult s is in the 
P - R  and R - P  c e l l s  of T ab l e  XXI I ; the r e  is a mutual avoi d an c e  
TAB LE XXI I 
CH I SQUARE ANALYS I S  O F  THE C ONSTANCY O F  THE 
POL L I NATORS TO THE FLOWE R TYPES * 
F l ow e r type W / F / Y  
v i s i t e d  p 
f i r s t  R 
F l ow e r  TyEe W7 F7Y P 
6 1 8  
6 . 6  1 6 . 0  
2 4  3 3  
1 9 . 7  2 3 . 9 
3 5  2 
2 8 . 1  7 .  5 
Vi s i t e d S e c on d  
1{ Val ue 
3 2  Ob s e rved value 
3 3 . 4  E xp e c t e d  value 
6 0 
2 0 . 2  e 
1 4 0  0 
1 4 0 . 3  e 
* X 2 = 2 0 . 4 ;  s i gn i f i c ant w i t h  fou r de g re e s  o f  
fre e dom . 
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o f  the red  and purp l e fl ow e r  typ e s .  Th i s  re su l t  may l e a d  
us  t o  b e l i e ve that the p o l l i n at o r s  a re f l ower typ e  con ­
s t ant . Neve rthe l e s s , the p o l l in a to rs are n o t  fl owe r typ e 
c on s t ant  b e c aus e the ob s e r v e d  va lue s are n o t  mu ch gr e a t e r  
than the exp e c t e d  value s fo r the WFY - WFY , P - P  and R - R  c e l l s . 
I f  the  fl owe r vi s i t o rs  we r e  fl ow e r  type con s t ant , a b e e  
that vi s i t s  a purp l e  f l ow e r  the fi r s t  t ime wi l l  vi s i t a 
purp l e  f l ow e r  the s e c on d  t ime as we l l ; t h e r e fore , the 
ob s e rve d vi s i t s  in the P - P  c e l l  wou l d  be great e r  than ex ­
p e c t e d  i f  the p o l l inat o r s  w e r e  f l ow e r  c ons t ant . 
Many o f  the c e l l s  ind i c a t e  that the vi s i t a t i on pat ­
t e rn o f  the p o l l inators  i s  rand om . Lump ing the f l owe r 
typ e s  t o ge the r , h owe ve r ,  de c re as e s  the s e n s i t ivi ty o f  the 
t e s t . F l owe r type W - 3  was  invo l ve d  in  mo re c r o s s e s  t h an 
expe c t e d  ( P = . O S , chi s qu a r e )  b e c aus e fl owe r typ e  W - 3  was  
an at t r act i ve p l ant an d i t  r e c e iv e d  many i n s e c t  vi s i t s . 
The mor e a t t ract ive p l an t s  in g e n e r a l  are p r ob ab ly inv o l v e d  
i n  mo re c r o s s e s  than t h e  l e s s  a t t r ac t ive p l an t s . T h e  ch i 
s quare is  n o t  s i gn i f i c ant  fo r the o the r flower typ e s  b e c aus e 
the fl owe r v i s i to rs  o f t e n  w ent from p l ants  w i t h i n  a p l o t t o  
th os e out s i d e  t h e  p l o t  and th at  woul d n o t  s h ow up in the 
an a lys i s . 
I I I . D I S CUS S I ON 
The mo s t  at t rac t ive  f l owe r typ e s  we re al s o  t he rarer  
fl owe r type s . I t  i s  not ene r ge t i c a l ly e f fic i ent t o  b e  
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fl owe r c ons t an t  t o  a rare fl ower t yp e  b e c ause  more ene rgy 
i s  e xp e nd e d  in the c o l l e c t ion of ne ct ar than is p r e s ent i n  
t h e  amount o f  ne c t ar c o l l e c t e d . F l ow e r  c ons t ancy was  
ob s e rved , h owe ve r ,  b etwe en tw o h i gh l y  at t ra c t ive p l ant s 
g rowin g in the s ame  are a .  The bumb l eb e e s  would  p rob ab ly 
b e  mo re cons t ant t o  the fl owe r t yp e s  i f  the at t r ac t ive 
fl owe r  typ e s  grew c l o s e t o g e th e r . H e in r i ch ( 1 9 7 6 a) d i s ­
cus s e d  an exp e r iment by Kug l e r  ( 1 9 5 5 )  that s h owe d that 
b umb l eb e e s  vi s i t e d  re d and wh i t e  f lowe rs  of L a th ry s  in a 
r andom fas h i o n . When sugar w at e r  was added  to the red  
fl owe rs , the b e e s  vi s i t e d  the  red f lowe rs  more  often than 
the wh i t e  flowe rs . The mo rpho lo gy of the two L a t h rys 
co l o r  morphs and the a z a l e a  hyb r i d s  do e s  no t d i f fe r  s i gn i fi ­
c an t l y  enough t o  c aus e a l o s s o f  e ff i c i ency t o  the bumb l eb e e  
as s h e  v i s i t s  d i f fe rent c o l or mo rphs o f  Lathrys o r  d i f fe r en t  
a z a l e a  fl owe r typ e s .  I f  the  morpho l o gy o f  the L athrys c o l or 
mo rphs or o f  the a z a l e a  fl owe r typ e s  d i f fe re d , the bumb l eb e e s  
mi ght exh i b i t  mo re fl owe r c o n s t ancy . 
B at eman ( 1 9 5 1 )  a l s o  ob s e rve d the c r os s in g  b e h avi o r  
o f  p o l l inat o r s  wi t h i n  p l o t s . H i s  p l o t s  d i f fe r e d  from min e  
in  t h a t  they c ont a i ne d  e qua l numb e r s  o f  B r as s i c a  napu s an d 
B .  o l e r ac e a .  B umb l eb e e s  we r e  flower c ons t ant t o  B .  o l e r a c e a  
wh i l e  honey b e e s  we re c ons t an t  to B .  napus . I t  wo uld b e  
in t e r e s t ing  t o  s e e  th e e f fe c t  o f  vary i n g  dens i t i e s  o f  the s e  
p l an t s  on the fl owe r c ons t ancy o f  the s e  b e e s . 
Mino r i n g  i s  e s s en t i a l  to  the b umb l eb e e s  in order 
fo r them to  d i s c o ve r  the fl ower t yp e s  that con t a i n  the  
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mos t  ene r gy in the nec t ar . A c e rt a in amoun t  o f  inc on s t ancy 
i s  hi ghly adap t ive  b e c aus e the s imi l a r  f lowe r m o rph o l o gy o f  
the  a z a l e a  hyb r i d s  doe s not  c aus e a d e c r ea s e  in fo r a g i n g  
e f fi c i ency . B umb l eb e e s  a r e  fl owe r t yp e  incons t ant i n  o r d e r 
t o  c ont inuous ly monit o r  the nect a r  s u g ar amount in the 
var i ous fl owe r type s , thus e n ab l ing them to fo ra ge mo r e  
extens ive ly on  the fl owe r  typ es  t h a t  p ro du c e  the mo s t  ne c ta r  
s ug a r . H e in r i c h  ( 1 9 7 6 a) ob s e rved that b umb l eb e e s  cho s e  an 
a l t e rn a t e  fo o d  s ou r c e  whe n the i r  p r i mary fo o d  sour c e  was  
e l iminat ed . The bumb l eb e e s  on  G re go ry B a ld sw i t ch e d  t o  
a l t e rnate  flow e r typ e s  as the i r  maj o r  fl owe r type s c omp l e t ed 
b l oomin g and o t h e r  fl owe r t yp e s  b e g an t o  b l o om . Thi s  was  
e sp e c i al ly noted at  the end of  the b l o oming s e as on whe n  the  
f l owe r vi s i t in g  p a t t ern app roached r andomne s s . I was ab l e  
t o  d i s t ingu i sh a few bumb l eb e e s  fr om the r e s t o f  the bumb l e ­
b e e s  by the i r  indivi dua l b eh avi or p a t t e rns . Th o s e  b umb l e ­
b e e s  fo l l ow e d  individu a l  fo raging  r o ut e s  among the few 
remaining f l ower  type s .  Two main c aus e s  of the  a z a l e a  
hyb r i d i z a t i on a r e  the f l owe r type inc ons t ancy o f  the bumb l e ­
b e e s  and t he bumb l eb e e ' s ab i l i ty to  s h i ft from one fl owe r 
type t o  an oth e r .  
CHAPTE R I V  
SE L F - POL L I NAT I ON ��D APOMI C T I C RE P RODU CT I ON 
To h e l p  d e t e rmine the  e ffe c t  o f  the p o l l ina t ors ' 
fl owe r  vi s i t at i on b e havi o r  on s e e d  s e t, various a s p e ct s o f  
the repro duc t iv e  b i ol o gy o f  the p l an t s  we re s tudi e d .  The 
s p e c i e s  of a z al e a s  that form the hyb ri d swarm on Gre g o ry 
B a l d  al l p r o duc e s e ed  b y  s e l f - po l l inat i on , ap omi x i s  or 
cr o s s - po l l in a t i o n  ( Ga l l e , p e r s on a l  c o mmun i c a t i on) . I p e r ­
fo rme d exp e r imen t s  o n  the fl owe r typ e s  t o  de t e rmine the 
e xt ent of s e l f - po l l in a t i o n  and ap omi c t i c  repr oduc t ion 
w i th i n  t he fl owe r type s .  I n  one e xp e r iment I s e l f ­
p o l l i na t e d  the f l owers t o  d e t ermine the extent o f  s e l f ­
c o mp a t ib i l i t y  amon g the s e  a z a l e as . I n  another  exp e r i ment 
I exc l uded the po l l en ve c t or s  from the f l owe r s  to  d e t e rmine 
if the fl owe rs  c an "pa s s ive l y" po l l inat e thems e lve s . S e e d  
s e t  from c ont r o l  f l owe r s  was comp a r e d  t o  that o f  the 
exp e r iment a l l y  m an ipul a t e d  fl owe rs t o  d e t e rmine if di ffer ­
enc e s  ex i s t e d  b e twe en the cont r o l  and exp e r iment a l  group s . 
I .  METHODS ��D RE SULTS 
The ma j o r i ty o f  the p l ants  t e s t e d  for s e l f ­
c omp a t ib i l i ty d i d  not pr oduc e s e e d  ( T ab l e X XI I I ) . On e 
hund r e d  and two fl owers from 2 0  p l an t s  and nine f l ower 
typ e s  ( W 2 , W 3 , F 2 , Yl , P 3 , P S , Rl , R 2 , R3 ) p r o duc ed no 
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TAB LE XXI I I  
THE SEE D  SET O F  THE HAND S E L F - PO L L I NATE D  FLOWE RS 
Numb e r  o f  Numb e r  o f  Numb e r  o f  
F l ow e r  Pl ant F l ow e r s  C ap s u l e s  S e e ds in 
Typ e Numb e r  P o l l ina t e d  Produc e d  the C ap su l e s  
w - 2  VI - 3 0 2 0 0 
w - 2  VI - 1 6  5 0 0 
w - 2 I V- 3 2  3 0 0 
W - 3  I - 1 7 0 0 
W - 3 VI I - 1 7  6 1 0 
F - 2 VI I I - 4 6 1 2 8  
F - 2  I X - 2  1 0  2 0 
F - 2  I V - 3 4  5 0 0 
P - 5  VI I - 1 4  4 0 0 
P - 5  VI I - 7 4 0 0 
P - 3  V I I I - 3  2 0 0 
R - 1  VI I I - 1 7 0 0 
R - 1  I - 8 5 0 0 
R - 1 I X - 3 4 0 0 
R - 3 I V - 5 5 0 0 
R - 3 VI I - 2 5 0 0 
R - 3 V - 8 5 0 0 
R- 2 , R - 3  I X - 1 5 2 ? 
R- 2 , R - 3  VI I - 1 8  5 0 0 
Y - 1  VI I - 1 7  6 0 0 
T o t a l  1 0 1  6 2 8  
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apomi c t i c  s e ed . T o  t e s t  for apomix i s  I cut the anthe rs  
fr om the s t amen wh i l e  the  fl owe r was  in bud . I n  s ome 
s p e c i e s po l l in at i on i s  ne c e s s ary for ap omix i s  t o  oc cur 
( po l l inat ion d o e s  not imp l y  fe rt i l i z at ion) . I f  th i s  i s  
t �ue  fo r the s e  az a l e as , my t e s t  w i l l  n o t  de t e rmine the 
imp o rt an c e  o f  apo mi ct i c  re p r oduc t ion in  the a z al e a  hyb r i d  
swarm . F r e d  G a l l e  ( p e r s on a l  commun i c a t i on) c ro s s ­
p o l l inat ed  s ome o f  the hyb r i d s  and di s c o ve r e d  t h at the re 
was  s ome c r o s s incomp at ib i l i t y  amon g the hyb r i d s , indi c at ­
in g that ap omi c t i c  repro duc t i on may not  b e  ve ry imp o r t an t  
in t h i s  hyb rid  swarm . 
L ep p i k  ( 1 9 7 4 )  s t at e s  that i f  c r o s s - p o l l inat i on do e s  
n o t  o c cur a ft e r a p e r i o d  o f  t i me i n  R .  nud i fl o rum , the  
s t i gm a  mov e s  near  the  an thers  and insur e s  s e l f - p o l l inat i on . 
T o  t e s t  for such a me ch an i sm in the G re gory B a l d  a z al e as , I 
d e s i gne d f l owe r enc l o su re s that we r e  made from one - h a l f 
g a l l on mi lk c ar t o ns cut in hal f and c ove r e d  w i th ny l on 
s t o ck i ngs . Th e s e  fl owe r enc l o s ure s were  de s i gn e d  t o  a l l ow 
s e l f - po l l ina t i o n  w i thout the he lp o f  fl owe r vi s i t or s . 
O c c a s i onal ly the reprodu c t i ve p a r t s  o f  the f lowe r woul d 
t o uch the s i d e  o f  the encl o su re . Th i s  b i as , h owe ve r , i s  
no t very s i gn i fi c ant i n  l i ght o f  t h e  p o o r  s e e d  s e t  ( T ab l e  
XX I V) . Ob s er vat i ons o f  the p o s i t ions  o f  the s t i gmas and 
anthe rs  ind i c at e d that ins e c t  me d i at ed s e l f - p o l l inat i on 
may h appen o c c as i on a l ly , but in the  maj o r i t y o f  c a s e s  the 
F l ow e r  
Typ e 
W - 2  
W - 2  
W - 2 
W - 3  
W - 3  
F - 2  
P - 5  
P - 5  
P - 3 
R - 1  
R - 1 
R - 1 
R - 3 
R - 3 
R - 2 , R - 3  
R - Z , R - 3  
Y - 2  
T o t a l  
TAB LE XXI V 
THE SEED SET O F  FLOWE RS BAG GE D  TO  EXCLUDE 
POLLEN VE CTORS 
Numb e r  o f  Numb e r  o f  Numb e r  o f  
P l ant F l ow e rs C ap s u l e s  S e ed s  in  
Numb e r  Enc l o s e d  Forme d E ach C ap s ul e 
VI - 3 0  6 0 0 
VI - 6  7 0 0 
I V - 3 2  5 0 0 
I - 1 5 1 1 4  
I - 1 3  6 6 c ap s ul e s  e a t en* 
I X - 2 6 1 c ap s u l e s  e a t en* 
VI I - 1 4  6 0 0 
VI I - 7  7 0 0 
VI I I - 3 6 0 0 
VI I I - 1 6 0 0 
I - 8 2 0 0 
I X - 3 4 0 0 
I V - 5 6 0 0 
V- 8 5 0 0 
I X - 1  6 1 ? 
VI I - 1 9  5 1 1 8  
VI I - 1 7  1 1  0 0 
9 9  1 0  3 2  
*A c o l e op t erous o r  l ep i d op t e rous l a rva d e voured 
the contents  of  the c ap s u l e  duri n g  s e e d  deve l opment 
b e fo r e  the s e e d s  were c oun t e d . 
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s t i gma i s  s p at i al ly s ep ar at e d  from the anthe r s  and s e l fi n g  
do e s  n o t  o c cur . 
To d e t e rmine i f  the s e e d  s e t  from una l t e r e d  flowe r s  
i s  any d i f fe rent fr om t h e  s e e d  s e t  o f  t h e  fl owe rs  invo lve d 
in the p ol l inat ion exp e r iment s ,  an umb e l  o f  two t o  s e ven 
o l d  f l ow e r s  or newly fo rming c aps u le s was s e l e c t e d  on e ach 
p l ant on wh i ch a p o l l inat i on exp e r iment was c a r r i e d  out . 
S e e d s  in the deve l o p in g  c ap s ul es  we r e  c o unt e d  in  l at e  
Oc t ob e r . The c ap s ul e  format i on and s e e d  s e t  ( T ab l e XXV) 
are l e s s  than the r ep r o duct ive c ap a c i ty o f  the a z a l � a s . 
L e e  ( 1 9 6 5 )  and G a l l e  ( 1 9 7 4 )  repo rt the s e e d  s e t  o f  human 
c ro s s - p o l l inat e d  f l owe rs  as 2 0 0 - 5 0 0 s ee d s  pe r c ap s ul e . The 
ave r a g e  s e e d  s e t  of the G re go ry B al d  a z a l e a s was 29 s e e ds 
p e r  c ap s u l e  and only one c ap su l e  c ont a in e d  n e arly  2 0 0  s e e d s . 
S inc e s ome f l ow e r s  di d n o t  p r oduc e c ap s ul e s , the ave rage  
s e ed set  per  fl ow e r  ( 4 . 2 5 ) was  c ons i d e rab ly l e s s  than the 
ave r a ge numb e r  o f  s e e d p e r  c ap s ul e . 
I I . D I S CUSS I ON 
The po l l inat ion o f  the s e  a z a l e a s  by f l ow e r vi s i t o rs  
may no t b e  very e f fi c i ent . The  l ow s e e d  set  o f  the con t r o l s  
on  G r e gory B al d  and gen e r a l  ob s e rvat ions of  the s e e d  s e t  o f  
fl ame a z al e a  and p inx t e r - fl owe r indi c a t e  that the numb e r  o f  
c ap s u l e s  i s  sma l l in comp a r i s on t o  the numb e r  o f  fl owe rs 
p ro duc e d . Ob s e rvat ions on the f l ower  vi s i t in g  b eh avi o r  o f  
t h e  p o l l i nat o r s  supp o r t  the hypothe s i s  that the p o l l i nat i on 
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TAB LE XXV 
CONTROL SEED  SET 
Numb e r  o f  Numb e r  o f  Numb e r  o f  
F l ow e r  F l ow e r s  C ap s ul e s  S e e ds in  
Typ e S e l e c t e d  Forme d E ac h  C ap s ul e 
w - 2  2 0 0 
W - 2  8 5 7 , 4 1 , 1 8 , 6 , 5  
w - 2  5 0 0 
W - 3  6 0 0 
W - 3  4 l o s t  
W - 3 2 0 0 
W - 3 4 1 2 ' capsul e de c aying 
W - 3  ? 0 0 
Y - 1 5 2 1 2 , 7 1 
F - 2  5 0 0 
F - 2  7 0 0 
F - 2  5 0 0 
P - 1  1 9  3 1 7 , 1 2 , 3 9 
P - 1  1 8  3 9 , 2 2 , ?  
P - 2  1 5 1 ? 
P - 3  2 0 0 
P - 5 1 0  3 1 6 , 2 1 , 2 2  
P - 5  8 0 0 
R- 1 ? 1 1 9 7  
R - 1 6 2 2 4 , 2 4 
R - 1 5 0 0 
R - 1  5 0 0 
R - 3 4 0 0 
R - 3 6 0 0 
R - 3 6 1 1 3  
R - 3  5 0 0 
R - 3  4 1 ? 
R - 3 9 0 0 
R - 2 , R - 3  4 0 0 
R - 2 , R - 3  4 1 5 5  
R- Z , R- 3  5 1 9 
To t a l  1 7 8  2 5  6 3 2  
me chan i s m  i s  ine ffi c i ent . The p o l l inat ors  do not  t ouch 
the s t i gmas v e ry o ft e n  and wh en they do t ouch the s t i gm a  
the chance s o f  p o l l en t r ans fe r a r e  r e mo t e . Th e Gre g o ry 
B al d  a z al e as h av e  fur the r d i f fi cu l t i e s  p ro duc ing s e e d  
b ec aus e some o f  the hyb r i ds are c r os s - s t e r i l e  ( Ga l l e , 
p e r s on a l  c ommun i c a t ion) . 
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Drought i s  an othe r f a c t o r  that a ffe c t s  the s e e d  s e t  
o f  a z a l e as ( Ga l l e , p e r s onal  commun i c a t i on ) . The re may h av e  
b e en a dr ought in  Jul y  o n  Gre gory B a l d , b u t  t h e  rainfal l 
f o r  o the r months was at or ab ove ave r a ge ( TVA 1 9 7 7 ) . Th e 
r a in f a l l fo r Ju l y  at Cades  Cove ( 1 7 16 fe e t  an d 7 . 5  mi . from 
G re g ory B al d )  was  3 inch e s  b e low ave r a g e  but the rain fa l l  
a t  Newfound Gap ( 5 3 0 0  fe e t  an d 2 5  mi . from G r e g o ry B al d )  was 
one inch ab ove ave r a ge . The rain fa l l  in  the G r e a t  Smoky 
Moun t a i n s  i s  typ i c a l l y g r e a t e r  at  the h i gher  e l e vat i ons 
t h an the l owe r e l e vat i on s . I n  l i ght  o f  t h i s  i n f o rmat i on 
the re p r ob ab ly was not a dro ught  in Ju l y  on Gre g o ry B a l d , 
b ut t h e r e  i s  no  w ay t o  know for c e r t a in . 
CHAPTER V 
SUMMARY 
B as e l in e  d a t a  were  g at h e r e d  on the  p o l l inat i on 
e c o l o gy o f  the  a z a l e as on G r e g o ry B a ld i n  o r de r t o  h e l p  
unde rs t an d  t h e  o r i g in o f  t h e  a z al e a  hyb r i d s  g r ow in g  the re .  
The s e  az a l e as a re adap t e d  t o  o ut c ro s s in g  through p ro t an dry . 
The fl o r al morph o l o gy o f  the s e  a z a l e as indi c a t e s  that they 
ar e p r imar i l y  adap t ed to  p o l l i nat i on b y  fl owe r vi s i t or s , 
and that  wind p o l l inat i on i s  not  ve ry imp o rt an t  i n  c on ­
t r ibu t in g  t o  the  reproduc t i on o f  the s e  p l ant s . The in i t i a ­
t i on o f  nec t a r  pr oduc t i on , whi ch c o inc i d e s  wi t h  the r i p e n i n g  
o f  the  s t i gmas , m ay b e  an ind i ca t i on t h a t  the s e  p l an t s  a r e  
ad ap t e d  t o  p o l l inat i on b y  a n e c t a r  gathe ring  fl owe r vi s i t o r .  
Examinat i on o f  the po l l inat i on e ffi c i enc i e s  o f  t h e  fl owe r 
vi s i t o r s  indic a t e d  that the  p o l l en an d ne c t a r  g at he ring · 
bumb l e b e e s  are  the mo s t  imp o r t an t  p o l l inat ors . The po l l en 
gath e re r s , howeve r , are  more  e ffi c i ent at  po l l i n at i on than 
the ne c t ar fo r a ge r s . N e c t ar for a g i n g  m o ths and hummingb i rds 
are  mo r e  e ffi c i ent po l l in a t o r s  t h an the b umb l e b e e s  b ut 
they are  few e r  i n  numb e r  than the b umb l eb e e s . 
Cert ain fl owe r typ e s  a t t ra c t  more  fl owe r vi s i t or s  
than o the r f l ower  type s . T h e  fol lowing as p e c t s  o f  the b l o o m  
o f  the  a z a l e a s w e r e  s tu d i e d  in a n  at t emp t  to exp l ain thi s 
di f fe r enc e in a t t ract i vene s s : the e f fe c t  o f  t e mp e r atur e 
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an d t ime on ne c t a r  and p o l l en avai l ab i l i ty , the p re s enc e 
o f  ami n o  a c i ds in  the ne ct a r , the c ons t i tuent s ugar con ­
t en t  o f  the ne c t ar , the  ne c t ar vo lume an d the  nec t ar 
s u g a r  c onc e nt rat ion . 
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The e f fe c t  o f  t ime o r  t emp e ra tur e o n  the ava i l ab i l i t y  
o f  p o l l en o r  nec t ar di d not  d i f fe r  among d i f fe rent f l ow e r  
type s .  N e c t ar i s  al s o  p ro duc e d  at  ni gh t . S ome o f  t h e  
az a l e a  f lowe r typ e s  h ave c h a r act e ri s t i c s  t h a t  typ i fy mo th 
p o l l in at e d  fl owe rs : l i ght fl o r a l  c o l o r at i on , o d o r  p r o du c ­
t i on ,  and a l on g  s l ender c o ro l l a  t ub e  ( B ake r 1 9 6 1 ) . The s e  
fact o r s  ind i c at e  that moths may vi s i t  the s e  fl owe rs and 
ind e e d  moths d i d  p o l l inate  fl owe rs  on a few o f  t he s e  
hyb r i d s . 
T i me o f  day and t e mp e r ature d i d  n o t  a f fe c t  b umb l eb e e  
a c t i vi ty as  i t  d i d  the a c t ivi ty o f  the o the r diurna l  f l owe r 
vi s i t o r s . Bumb l eb e e s  ar e act ive at l ow t e mp e r at ur e s  b e ­
c au s e  they a r e  ab l e  t o  p r o du c e  the i r  own tho r a c i c  he at and 
are n o t  dep endent on amb i en t  t emp e r atur e for f l i gh t . Az al e a  
p l ant s have r e s p ond e d  t o  p o l l inat o r  s e l e c t i on p re s sure b y  
p r e s ent ing the i r  p o l l e n  and ne ct a r  cont inuous ly w i th n o  
t ime o r  t e mp e r atu r e  r e s t r i c t i on .  
The morph o l o g i e s  o f  the fl owe r typ e s  ( c o ro l l a  tub e  
l en g t h  and d i ame t e r)  and the bumb l e b e e  sp e c i e s  ( t ongue 
l ength)  vary s i gn i fi c an t l y , b ut ar e not  co rre l at e d .  F l owe rs 
with long c o r o l l a  tub e s  are vi s i t e d  b y  b o th l o n g - t ongu e d  
an d s h o rt - ton gu e d  bumb l e b e e s  an d t h e  f l owe r typ e s  w i th 
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s h o r t  c o r o l l a  tub e s  are a l s o  vi s i t e d  b y  b o th l on g - t on gu e d  
and short - t on gu e d  b umb l eb e e s . The p o l l inators  a l s o d i d  
not  s how a fl owe r c o l o r  p re fe r enc e , al thou gh t h e y  d i d  n o t  
vi s i t  t h e  re d fl owe red  p l an t s  as o ft en as t h e y  d i d  p lant s 
o f  o t he r  f l owe r c o l o r s . The t ongue l e ngth d i d  a f fe c t  the 
fo r a g in g  p r e f e r e n c e  of  the b umb l eb e e s . The s h or t - t ongu e d  
bumb l eb e e s , B .  a ffin i s  and B .  t e r r i c o l a ,  d i d  p r e f e r  t o  
fo r a g e  for p o l l e n  in s t e ad o f  ne c t ar . One l on g - t on gu e d  
bumb l e b e e , B .  vagans , p r e fe rred t o  forage  for ne c t ar , 
wh i l e  the o the r l ong - t on gu e d  bumb l eb ee , B .  b imacu l a tus , 
s h ow e d  no fo r a g i n g  p r e f e r enc e . 
The g a s  chroma t o gram p at t e rn and the p r e s ence  o f  
ne c t ar amino ac i d s  d i d  not d i f fe r  amo n g  the fl owe r typ e s . 
The  p re s en c e  o f  c e rt ain cons t i tu ent sugars  and amin o  a c i d s  
d i d  n o t  s e em t o  in flue n c e  po l l in at o r  v i s i t at i on t o  the 
fl owe r type s .  The s i l ve r - s p o t t e d  s k i pp e r  show e d  a p r e fe r ­
ence  for c e r t a i n  f l owe r typ e s , b ut th i s  was not co rre l a t e d  
w i t h  t h e  p r e s e n c e  o f  amino a c i ds in the n e c t ar . The f l ow e r  
typ e s  t h a t  th i s  butt e r fly p r e fe r r e d  we r e  al s o  p r e fe rre d b y  
s ome b umb l eb e e s .  The s e  b ut t e r f l i e s  may p re fe r  n e c t a r  that  
c on t a ins a l a r g e  amount o f  s ug ar . 
The po l l inators  t ended  t o  vi s i t the fl owe r typ e s  
that c on t a ine d the mo s t  s u g a r  i n  the i r  ne ct ar .  H e in r i ch ' s  
( 1 9 7 6 a) wo rk on the fo r a g in g  act ivity o f  bumb l e b e e s  indi ­
c at e s  that  ne c t ar amoun t  i s  an imp or t an t  var i ab l e  in  
co rre l at ing p o l l i nato r - p l an t  a t t r a c t i on . Bumb l eb e e s  ne e d  
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t o  re a l i z e  an ene r gy p r o fi t  wh i le fo r a g in g  t o  maintain the 
f i tne s s  o f  the co l ony . S l i gh t  f l ow e r  incon s t ancy a l l ows 
the bumb l e b e e s  t o  c on t i nuo us ly mon i t o r  th e i r  n e c t a r  supp ly 
and to  for a ge on thos e p l an t s  that c on t a in the mo s t  ne ct ar 
s u g ar s . I n  th i s  m anne r they d i s c over wh i ch p l an t s  are the 
r iches t ene r ge t i c a l ly , and they r e ma in cons t ant to tho s e  
p l an t s  throu gh out the b l o omin g p e r i o d . I n  the event one 
fl owe r type qu i t s  b l o om i n g , the b umb l eb e e s  w i l l  vi s i t  
othe rs . B umb l e b e e s  maint ain d i s t inct for agin g r out e s  
( H e i n r i ch 1 9 7 6 a) , and they for a ge on th e s ame p l ant ( fl owe r 
typ e )  on s ucc e s s ive  fo r a ging  t r ip s . Onc e  t h e y  d i s c ove r an 
e n e r ge t i ca l l y  r i ch p l ant , i t  r ema ins in the i r  for a gi n g  p a t h  
unt i l  i t  fini s h e s b l oomi n g . In  thi s  manne r the at t r ac t ive  
f l owe r typ e s  a re ab l e  to  att ract  and maint a i n  l ar ge numb e rs 
o f  fai th ful f l ower  vi s i t o r s . 
The p o l l inator fl i ght  pat t e rns w e r e  ex amine d t o  
d e t e rmine th e amoun t o f  fl owe r typ e  c o ns t ancy exhib i t e d  by  
the p o l l inat o rs . Th i s  h as imp ort an t  i mp l i c a t i o n s  for th e 
d ir e c t i on o f  gene f l ow b e twe en the f l owe r typ e s . A l though 
bumb l eb e e s  in gene ral e xh ib it  fl owe r con s t an cy onc e  the i r  
" ma j o r s "  are cho s en , they we re not c on s t ant t o  f l owe r typ e s  
on Gre gory B a l d . P ar t  o f  the r e as on fo r th i s  may b e  that  
the ene rge t i c a l l y  r i ch f l owe r type s w e re not very  ab undan t 
on Gre gory B a l d  and const ancy t o  a rare  fl owe r type may not  
b e  a p ruC.e n t  for a g in g  s t r a t e gy . The p o l l i na t o r s  mu s t fo r a ge 
on b o th the rare and c ommon f l owe r typ e s  in o r de r t o  maint a i n  
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an ene r ge t ic p ro fi t . Th i s  typ e o f  fo r a g i ng a c t i v i ty may 
p romo t e  mo re hyb r i d i z a t i on th an found in a p l ant p opul a ­
t i on in wh i ch the p o l l inat o rs fo rage  random ly . H ad the 
r are fl owe r t yp e s  b e en mor e  c ommon on G r e g ory B a l d ,  the r e  
m i gh t  b e  fewe r hyb r i d s  o n  the  b a l d . At a h i gh e r  d en s i ty 
o f  the r are fl owe r typ e s  the p o l l in a t o r s  mi ght remain c on ­
s t an t  t o  t h e  rare  fl owe r typ e s . 
The fo r a gi n g  p aths  o f  the di f fe rent p o l l in a t o rs 
we r e  c omp a r e d t o  de t e rmine i f  the r e  w e r e  any di f fe renc e s  in 
th e fo r a g i n g  a c t i v i t i e s  of the p o l l inat o r s . The  humming ­
b i rds , but t e r fl i e s  an d b umb l eb e e s  we re con s t an t  t o  f l owe r 
typ e s . The mot h s , howe ve r , we re only ob s e rve d on two 
adj ac ent  c l one s o f  one fl owe r typ e ( P - 1 ) . Dur i n g  the  s umme r 
o f  1 9 7 7  the mo ths  w e r e  not a c t ive l on g  en ough t o  s i gn i fi ­
c an t l y  affe c t  the s e e d  s e t o f  the a z al e as . Dur i n g  s ome 
s e as ons the we athe r  may b e  more c on duc ive to mo t h  act i vi t y  
and the mo ths m ay e f fe c t  a s i gni fi c ant amount o f  s e l f ­
p o l l in at i o n  o r  c ro s s - p o l l in a t i o n  o f  a s e l e c t  group o f  
fl owe r typ e s . The fl owe r vi s i t at i on b eh avi or o f  the mo ths 
s h owe d much mo r e  fl owe r  typ e cons t ancy t h an did  the for a g i n g  
b e h av i o r  o f  o the r p o l l ina t or s . The typ e o f  s e e d  s e t  on 
Gr e g o ry B a l d  ( whe the r from c ro s s - p o l l i na t i on amon g d i f ­
fe rent fl ow e r  typ e s  or c r os s - po l l in a t i o n  w i thin a s e l e ct 
few fl owe r typ e s )  durin g any on e s e as on may dep end on th e 
abund an c e  o f  any one po l l in a t o r  type ; ne ve rthe l e s s , bumb l e ­
b e e s  a re the maj o r  p o l l in a t o r s  o f  the a z al e as and the 
maj o r i ty o f  t h e  s e e d  s e t  on G re g ory B a ld  dur i n g  mo s t  
s e as ons i s  p rob ab l y from b umb l e b e e  act i v i ty . 
The s e e d  s e t  o f  the a z a l e as on G re gory B a l d  i s  
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b e l ow the r e p r od uc t ive  c ap a c i ty o f  the s e  p l ant s . The 
r e a s on for t h i s  is not known , but it may be that the 
fer t i l i z at i on and p o l l inat i on e ff i c i en c i e s  i n  t he s e  p l an t s  
w e r e  low o r  i t  may b e  that dr ou ght  a ffe c t e d  t h e  s e e d  s e t . 
P r e l iminar y  ob s e rv a t i o n s  o f  the s e e d  s e t  o f  o th e r  a z a l e a  
s pe c i e s  t end t o  s uppo rt  the h ypot he s i s  that the p o l l inat i o n  
and fe rt i l i z at i on e ffi c i enc i e s  a re l ow . T h e  s e e d  s e t  may 
fluctuate  from ye a r  to y e a r . I t  r ai n e d  and w a s  fre quen t l y  
fo g gy o n  Gre g o ry B ald  dur in g the b l oom o f  t h e  a z a l e a s i n  
1 9 7 7  and t h i s  a f fe c t e d  po l l inator  a c t i vi ty . Dur i n g  y e a r s  
in wh i ch t h e  we athe r i s  m o r e  c on ducive t o  po l l in a t o r  
a c t i vi ty , more s e e d  may b e  s e t . An othe r fac t o r  t h a t  may 
a f f e c t  the s e e d  s e t  is the amount o f  p o l l en c o l l e c t e d  from 
the a z al e a s  by the b e e s . I n  ye a r s  i n  wh i ch the d eman d f o r  
p o l l en i s  not  g r e at , the r e  may b e  more p o l l e n ava i l ab l e for 
p o l l i n at i on . C ro s s - s t e r i l i ty o f  s ome o f  the hyb r i ds may 
a l s o  a f fe c t  the s e ed s e t . The ext ent o f  th i s  c ro s s ­
s t e r i l i ty among the fl owe r typ e s  i s  unkn o"� an d furth e r  
wo rk n e e ds t o  b e  d o n e  in th i s  are a .  
The smal l amount o f  s e e d  s e t  on Gre go ry B a l d  from 
th e p o l l ina t i on expe rime n t s  i nd i c a t e s  t h at the a z a l e as are 
p r i mar i l y  out c ro s s in g . Th i s  in format i on is  imp ort ant i f  
we are t o  d i s c over i f  the re i s  a g r e a t e r  tendency t o  
out c ro s s  ( and hence  hyb r i d i z e )  than t o  s e l f - p o l l inat e . 
Po l l inator  b eh av i or that c on t r ibut e s  t o  s e l f - p o l l inat i on 
o f  the s e  a z a l e as may no t s i gn i fi cant ly a f fe c t  the repro ­
duc t i on o f  the s e  p l an t s . 
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CHAPTE R VI 
CON C LUS I ON 
Ene r g e t i c  e f fi c i en cy o f  bumb l eb e e s  wh i l e for a g i n g  
p romo t e s  the hyb r i di z at i on o f  the a z a l e as on G re g o ry B a l d . 
The po l l inat o rs o f  the a z a l e as , s p e c i f i c al ly the b umb l e ­
b e e s , were  more  at tract e d  t o  c e rt ain fl owe r typ e s  than 
othe rs . The hi gh l y a t t ract i ve fl owe r typ es  w e r e the 
r a r e r  ones  and the i r  ne c t ar c on t a i n e d  mor e  s u gar  than the 
c o mmone r  fl ow e r typ e s .  In  order for th e p o l l inat o rs to  b e  
ene r ge t i c a l ly e ff i c ient whi l e  fo r a ging , they cann o t  b e  
fl owe r c ons t ant t o  the mor e  a t t r ac t ive p l ant s ( b e cau s e  o f  
the i r  r a r i ty) , but  mos t a l s o v i s i t  the l e s s  a t t r ac t i ve 
p l ant s . 
Po l l in at i on exp e r imen t s  we re unde rtaken t o  as c e rt a i n  
t h e  e ffe c t  o f  p o l l inat o r  incon s t an cy on t h e  s e e d  s e t  o f  t h e  
a z al e as . A l a rge  amount o f  s e e d  r e s u l t in g  from ap omix i s  o r  
s e l f - p o l l i nat i on wou l d  ne g a t e  t h e  e ffe c t s  o f  the p o l l in a t o r s  
as hyb r i di z e r s . L i tt l e  s e l f - p o l l inat i on o c curs among th e 
a z a l e a fl owe r typ e s  b ut ap omi ct i c  repr o duct i o n  may o c cur . 
C ro s s - p o l l i n at i on i s  p r ob ab ly the maj o r  avenue t o  s e e d 
p ro duc t i on in  the s e  a z al e a s  s i nce the h and p o l l inat ion and 
ap omix i s  exp e ri ment s di d not  r e s u l t  in much s e e d  p roduc t i on .  
Gal l e ' s  c ro s s - p o l l in at i on exp e r i ment s ind i c at e d  that 
in c e rt a i n  c a s e s  the r e  ar e c o mpat ib i l i ty b a r r i e rs b e twe e n  
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c e rt a in hyb r i d s . The r e  i s  n e e d  for work  t o  de t e rmine i f  
the r e  i s  a t e ndency fo r t h i s  incomp a t i b i l i ty t o  ex i s t  
b e tw e en c e rt a i n  f l owe r typ e s . The s e  inc omp a t ib i l i ty 
b ar r i e r s  may a f f e c t  the s e e d  s e t  o f  c e rt ain f l owe r typ e s  
and may h ave an e ffe c t  o n  the p ro l i fe ra t i on o f  c e rt ain 
fl ow e r  typ e s . 
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APPENDI X I 
FLOWER CHARACTE RI ST I CS 
TAB LE XXVI 
C OLOR AND MORPHOLOGI CAL CH ARACTE RI ST I CS OF TH E FLOWE R TYPE S 
Corolla Corolla 
Tube Diameter 
Length (nun) (nun) 
16 -18  (28) * 27 -35* 
19 (14) 33-36 ( 29 - 32) 
14 . 5  (15 -18) 32 -36 ( 36 -44) 
17  35 -40 
1 3 - 18 28 -38 ( 2 5 - 29) 
1 7 - 20 27 -36 
rp 62 D 
Corolla 
Color** 
rp 6 2A, C ;  rp 67D 
rp 62C ; r5 5C/ 
y 13B ;y  l SA blotch 
yo zoe 
y 14C ; yo 16A; yo 21C 
o 2 9A/ r 42D stripes 
o 29B ; yo 20B ; yo 2 SA/ 
r SOB ,C  blotch sometimes 
rp 62A ;  or 39B/ 
rp 58B ,C blotch 
Notes 
These flowers are white except for 
slight coloration on the coroll a  
edges . 
W-3  is s imilar to W-1 except that 
W-3 has more coloration . 
The flowers of F-1 have more orange 
coloration than the flowers o f  F-2 . 
Corolla Corolla 
Flm.J•3r Tube Diameter 
Type Length (mm) (nrrn) 
Purple 2 13 -18  2 5 - 37 
Purple 3 1 3 - 1 7  24 -27 ; 2 8 -40 
Purple 4 1 3 - 16 30 -37 
Purple 5 1 2 - 1 6  30 -37 
Purple 6 14 - 15 34 - 37 
Red 1 1 2 - 1 5 ; 1 5 -17  34-40 ; 29 -37 
Red 2 1 1 - 1 5 ; 18 -21 27 -37 ; 31 -40 
Red 3 13-18  30 -40 (40 -45)  
TAB LE XXVI ( c ont inu e d )  
Corol la 
Color* * 
r 47C ; r48B/ 
r SOB blotches sometimes 
r S SA;  rp 57D 
rp 6 3C , D 
rp 58C 
rp 5 7D 
r 4 2A ;  r 44A 
or 32A, B , C  
r 41B ; r 42B ;  r 44C 
Notes 
R- 1 is a deeper ,  darker red than the 
other red flower types . 
R- 2 has more orange coloration than 
flower type R- 3 .  
*Double entries indicate that there were two flower s izes, and entries within parentheses indi ­
cate a less conmon flower size . 
**Color rneasurements were made with a Royal Horticultural Society Colour Chart (Anonymous 
1 966) : r = red ,  p = purple ,  y = yellow ,  o = orange . 
t.illtiple entries indicate a slight variation in the shades of a flower color among the flower 
types . (A s ingle entry indicates that only one or a few plants were sampled . A slash separates 
entries for corolla color from those for blotch or strip color . )  The conrrna separates s imilar colors 




APPEN DI X I I  
G - TE STS AND CH I SQUARE ANALYSES 
TAB LE XXVI I 
G - TEST OF THE ATTRACT I VENE S S  OF THE FLOWE R TYPE S TO THE B UMB LEB EES * 
S p e c i e s  
B .  E e rEl e xu s  
B .  vagans 
B .  a f f i n i s  
B .  b i ma c u l atus  
B .  in tp a t i en s  
W - 2 
2 1  
1 0 . 3 2 
8 
4 . 8  
4 
1 . 9 
1 0  
3 . 0  
7 
3 . 0  
w - 3  
1 3  
2 . 9  
9 
3 . 3  
3 
1 . 5  
1 1  
3 . 3  
1 3  
2 . 3  
F - 1  F - 2  
5 1 1  
6 . 7  1 7 . 9  
1 2  5 
5 . 0  9 . 5 
3 8 
3 . 3  1 0 . 0  
1 4  1 5  
6 . 3  1 9 . 3  
2 2  4 9  
9 .  7 3 9 . 4  
F l ow e r  Ty]e 
P - 2  
Y - 2  P - 1  4 / 6 P - 3  
2 1 2  1 4  1 9  
8 . 0 9 . 3  1 6 . 8  1 2 . 7  
5 5 1 4 
6 . 8  6 . 0 8 . 0 2 . 4 
0 1 4  5 6 
2 . 4 6 . 7  1 0 . 0  5 . 0  
4 1 9  4 5 
2 .  7 1 0 . 4  1 4 . 2  6 . 0  
4 3 1  9 1 2  
2 .  2 1 8 . 9  2 1 . 9  6 . 5  
* G i s  s i gn i f i c an t  a t  2 4 5 ;  P= . O S ,  4 4  d e g re e s  o f  fre e dom . 
P - 5 R - 1 R - 2 
1 8  2 1  3 9  
9 . 5  1 6 . 0  5 8 . 8  
3 1 5  2 0  
1 . 8  9 .  8 2 9 . 0  
1 0  2 1 2  
4 . 4  7 .  5 1 7 . 5  
8 1 0  1 8  
3 . 8  1 7 . 5  3 0 . 1  
3 9 1 3  
2 . 6  2 8 . 3  2 4 . 5  
R - 3 
5 7 * *  
6 2 . 1 + +  
4 4  
4 3 . 8  
3 1  
2 8 . 4  
3 8  
3 9 . 6  
2 3  
3 6 . 6  
* * The upp e r  numb e r  in e ach row i s  t h e  numb e r o f  ob s e rved vi s i t s  to  e ac h  p a r t i cul a r  
fl ow e r  t y p e . 
+ + The l owe r numb e r  i n  e ac h  row i s  the e xp e c t e d  numb e r  o f  vi s i t s  t o  a fl owe r  t yp e  
b as e d  o n  t h e  fl ow e r  type d en s i t y  w i t h i n  e ach p l o t . 
TAB LE XXVI I I 
G - TEST OF Ti lE  ATT RACT I VENESS OF THE FLOWE R TYPE S TO NON - BUMB LEBEE POL L I NATORS * 
P o l l i n at o r  Iil- 2 73 F - I72 
S i l ve r - s p ot t e d  1 7  5 
s k i p p e r  3 . 3 1 0 . 5  
Sma l l  B e e s  1 7  1 6  
5 .  2 1 9 . 4  
V e s pu l a  s p p . 1 0  3 5  
4 . 0  3 7 . 5  
O t h e r  7 6 
1 . 7  7 . 1  
P - !  
2 0  
5 . 9  
1 0  
5 . 9  
1 2  
9 . 8  
7 
2 . 4 
F l owe r Tz::�e 
P - 27Ll75 - - 3 75 
1 1 0  
7 .  7 5 . 0  
3 8 
8 . 3 6 . 3 
5 1 0  
9 . 7  9 . 4 
0 2 
2 .  9 1 .  2 
* G  i s  s i gn i f i c ant a t  1 4 0 ; P = . O S ,  4 4  d e gre e s  o f  fre e dom . 
ll- I 'R- 2  
1 6 
4 . 8  1 4 . 2  
1 2  1 8  
1 2 . 9  2 4 . 2  
8 6 
9 . 9  1 9 . 5  
6 5 
6 . 0  9 . 9 
* * I n  t h i s  an alys i s  c e r t a in fl owe r t yp e s we re cond e n s e d  t o  inc re a s e  the  
expe c t e d  valu e s . 
R-� 
1 0 + +  
1 6 . 7  
2 5  
2 5 .  2 
3 4  
3 0 . 1  
4 
7 . 4 
+ +The upp e r  numb er  i n  each  r ow i s  the ob s e rve d and the l owe r numb e r  i n  e a c h  
r o w  i s  t h e  e xpe c t e d  numb e r  o f  po l l i n a t o r s  t o  v i s i t  a fl owe r t yp e  b as e d on t h e  




TAB LE XXI X 
CH I SQUARE ANALYS I S  O F  THE E FFECT OF T IME OF DAY ON POLLI NATOR 
ACT I VI TY ( RAW DATA) * 
I n s e c t  g7g I0 7I I  
B umb l eb e e s  1 1 2  8 6  
8 8 . 4  7 8 . 2  
S i l ve r - s p o t t e d  2 8 
s k i p p e r  7 . 6  6 . 7  
Sm a l l B e e s * *  6 9 
1 1 . 9  1 0 . 5  
Ve s pu l a  s p p . 1 4 
1 3 . 1  1 1 . 6  
T o t a l  1 2 1  1 0 7  
T i me o f  Da7 
I27I 2 � 
8 9  1 8 0 
1 0 8 . 2  2 0 2 . 5  
1 3  2 6  
9 . 3  1 7 . 5  
2 6  2 4  
1 4 . 5  2 7 . 2  
2 0  4 7  
1 6 . 0  2 9 . 9  
1 4 8  2 7 7  
LJ75 "67 7 
2 2 6 1 1 9  
2 4 1 . 2  9 3 .  6 
2 0  1 
2 0 . 8  8 . 1  
4 0  4 
3 2 . 4  1 2 . 6  
4 4  4 
3 5 . 6  1 3 . 8  
3 3 0 1 2 8  
*The upp e r  numb e r  i n  e a ch r ow i s  t h e  o b s e rve d and tl1e l ow e r  i s  t h e  
e x p e c t e d . X2 = 9 3 ;  s i gn i f i c ant  at  . O S ,  1 5  de gre e s  o f  fre e d om . 
* *And ren i dae and H a l i c t i dae . 
T o t a l  
8 1 2  
7 0  
1 0 9  
1 2 0  




TAB LE XXX 
CH I SQUARE ANALY S I S  OF THE E FFECT OF TEMPE RATU RE ON POLL I NATOR 
ACT I VI TY ( RAW DATA) * 
I n s e c t  Ilf . 4 - IS . j  19  
Bumb l eb e e s  1 8 2  1 1 9  
1 4 0 . 3  1 0 2 . 3  
S i l ve r - s p o t t e d  1 6 
s k ippe r 1 2 . 1  8 . 8  
Sma l l B e e s * *  7 7 
1 8 . 8  1 3 . 7  
Ve spll_!a s p p . 2 8 
2 0 . 7  1 5 . 1  
T o t al 1 9 0  1 4 0  
Temte r a t u r e  ( ° C)  
20 . 3  2- . 2  2 Z . S  2 3 . o  
1 1 2  8 3  1 0 4  1 5 8  
1 0 1 . 6  8 4 . 9  1 2 4 . 3  1 8 7 . 1  
5 8 1 6  2 3  
8 .  8 7 . 3  1 0 . 7  1 6 . 1  
1 4  1 9  1 9  3 2  
1 3 . 6  1 1 . 3  1 6 . 7  2 5 . 1  
8 5 3 1  4 3  
1 5 . 0  1 2 . 4  1 8 . 4  2 7 . 7  
1 3 9 1 1 5  1 7 0 2 5 6  
Zlf . 4 - Z 7 . S  
5 4  
7 2 . 4  
1 1  
6 . 2  
1 1  
9 . 7  
2 3  
10 . 7 
9 9  
* The upp e r  numb e r  i n  e a ch r ow i s  t he ob s e rve d and t h e  l owe r i s  t h e  
e xp e c t e d .  X2 = 1 2 8 ; s i gn i fi c an t  at  . 0 5 ,  1 8  de gre e s  o f  fre e dom . 
* *And reni dae and H a l i c t i d ae . 
T o t al 
8 1 2  
7 0  
1 0 9  
1 2 0  





C l inton V i c t o r  Ke l lne r was b o rn in B e rk e l ey , 
C a l i forn i a  ( Au gus t 8 ,  1 9 5 3 )  and l i ve d in  S an L o re n z o ,  
C al i fo rn i a . 
Bay Re g i on . 
B o th o f  the s e  c i t i e s  a re in  the S an F r anc i s c o  
A ft e r  gradu at io n  from Arr oy o  H i gh S ch o o l ,  h e  
a t t ended the Unive r s i ty o f  C a l i forni a a t  B e rk e l ey whe re 
h e  r e c e ived the B ache lo r o f  Art s d e gre e in t h e  e c o l ogy 
p l an o f  the B i o l o gy maj o r  in Dec emb e r  1 9 7 5 . Dur ing h i s  
un d e r g radu at e c are e r  t h e  wr i t e r  wo rke d a s  a l ab o r at ory 
a i d e  for t h e  U .  S .  Fo r e s t  S e rvi c e  F i re Che mi s try L ab or a t ory 
and for  the  U . C . B .  Environment a l  Phy s i o l o gy L ab o r at o ry . 
He a l s o  wo rke d  as a g ardene r for the U . C .  B ot an i c al  Garden 
and a s  a cur a t o r  of an ins e c t  c o l l e c t io n  for Dr . E .  I .  
S ch l in g e r .  
Aft e r  gr a dua t i on the wr i t e r  mar r i e d  Made l ine  Ra dkey , 
f rom B e rke l e y , who was pur s uing a Mas t e r ' s  d e g re e  in Pub l i c  
H e al t h  Nut r i t i on a t  The Unive rs i ty o f  T enne s s e e , Knoxvi l l e . 
S ub s e qu ent ly , the auth o r  enro l l e d  in the G r adua t e  Prog ram 
in  E c o l o gy at  Th e Un i ve rs i ty o f  Tenn e s s e e , Knoxvi l l e . H i s  
int e re s t  in p l ant - ins e c t  i nt e r ac t i ons  l e d  h im t o  the s t udy 
o f  the p o l l inat ion e c o l o gy o f  the a z a l e a  hyb r i d  swarm o n  
G r e g o ry B al d .  U p o n  r e c e i p t  o f  t h e  Mas t e r ' s  d e gr e e  the 
au th or w i l l  enro l l  in the G r adua t e  G r oup in E c o l o gy at th e 
Un iv e r s ity o f  C a l i forn i a ,  D av i s  and pur sue a doc t or al d e g r e e  
i n  he rb i vor e - p l ant i n t e r ac t i ons . 
1 0 4  
